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ABSTRACT 


Work  done  in  this  report  covers  the  preparation  and  evaluation  of 
eleven  alloy  deposits.  Methods  and  solutions  used  for  the  preparation 
of  both  co-deposits  and  diffused  coatings  are  listed.  Results  of  ■"Wet- 
Dry*'  exposure  tests,  x-r  vy  diffraction,  potential  - time  data  of  various 
coatings  have  been  tabulated.  A graphical  system  for  the  better  irterpre 
tatlon  and  rating  of  the  '’Wet-Dry"  test  was  de*  oped.  Margarese-zinc 
alloy  diffusion  type  coatirgs  of  5056  mangare3e  and  $C%  zir.c  composition 
exhibited  the  most  promlsirg  corrosion  protection  properties  of  the 
various  coatings  investigated.  Seventy- t*o  oanels  were  prenared  and 
are  being  tested  in  outdoor  exposure  in  northern  Florida  in  order  to 
evaluate  the  corrosion  protection  afforded  by  mangaiese  ard  manganese- 
zinc  coatings  as  compared  to  zinc,  zirc  chromated,  and  cadmium  coatings 
It  is  believed  that  a co-deposited  zinc-sMver  coating  of  25%  silver 
merits  further  investigation.  Also  further  studies  of  corrosion  pro- 
ducts should  yield  information  enabling  the  design  of  an  alloy  coating 
of  maximum  protection. 
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OBJECTIVES  FiH  THE  rROJECT 


The  uitioate  objective  is  to  develop  electrcdepo-sited  coatings 
which  will  provide  better  protection  for  aircraft  steel  parts  than  doe*  z.nc 
or  cadmium  plate,  particularly  in  tropical  regions. 

Two  years  have  been  spent  in  partial  attainment  of  this 
objective,  and  tne  results  have  been  reported,  (See  Final  Report, 
dated  November  30,  19U7,  and  Final  Report,  dated  Juno  28,  I9ii9), 

Under  the  present  contract,  the  objectives  werei 

(1)  Continuation  of  work  on  zinc-silver,  zinc-lead,  and  zinc- 
tin  alley  platings* 

(2)  lisasurament  of  electrode  potentials  of  manganese-tin, 
manganese-zinc,  end  manganese-copper  alloys  In  3tf  sodium 
chloride  solution,  distilled  water,  and  COj-eaturatmd 
water.  This  assumed  that  the  alloys  would  be  electro- 
aepoelted.  Any  of  tne  allays  showing  favorable  potentials 
were  to  be  exposed  in  the  "wet-dry"  cabinet,  (The 
manganese-nickel  system  is  also  included  here,  insofar  as 
the  plating  investigation  is  concerned.  Potential 
measurements  on  cast  ..anganese-nickel  alloys  had  been 
completed. } 

(3)  Investigation  of  methods  far  obtaining  good  adheeien  of 

■ aluminum  depaelte  on  steel,  using  aluminum-plating 

methods  which  had  already  been  developed, 

(U)  Investigation  of  methods  far  depositing  zinc -chromium, 
cadmium-chromium,  and  cadmium-manganese  alloys.  Those 
which  could  be  deposited  and  show  favorable  potentials  were 
to  be  exposed  in  the  "wet-dry"  test* 

(b)  Outdoor  exposure  of  alloy  codlings  »ulch  shosr  good  corrosion 
resistance  in  the  preliminary  tests.  This  was  to  be  done  at 
the  flattelle  north  Florida  Research  Exposure  Station,  if, 
and  as,  time  permitted  during  the  contract  period* 


1 


(6)  Investigation  of  other  pure  metals  or  alloys  showing 
promise  as  substitutes  for  zinc  and  cadmium.  The  only 
metal  in  this  catagory  is  molybdenum#  Its  potential 
is  such  that  it  would  have  to  be  alloyed  with  zinc, 
cadmium,  or  manganese, 

II.'TRODUCTICN 

The  experimental  approach  used  in  attaining  the  foregoing 
objectives  was  somewhat  different  than  visualised  for  the  project  at 
the  start#  x 

After  a time  it  became  apparent  that  codeposition  studies  were 
consuming  too  much  time  in  proportion  to  the  benefits  derived, and  that 
preparation  of  alloy  coatings  on  ateel  would  probably  be  expedited  by 
using  diffusion  methods*  For  this  reason, much  of  the  effort  was  centered 

S' 

on  obtaining  alloy  coatings  by  diffusion  heat  treatment*  of  alternate 
layers  of  pure-nnetal  plates# 

Less  emphasis  was  placed  on  potential  measurements#  <Jhere  the 
coatings  were  readily  prepared,  it  was  thought  better  to  test  them 
immediately  in  the  "wet-dry"  cabinet.  Potential  and  current-density 
measurements  were  used  extensively  during  the  first  and  second  years 
of  work  and  were  useful  in  separating  good  prospects  from  the  poor  ones# 
It  will  be  recalled,  however,  that  in  the  eariy^work,  cast  alloy 
specimens,  rather  than  coatings,  were  used# 

Hethoda  for  depositing  aluminum  from  nonaqueous  organic 
solutions  were  developed  here  on  a project  sponsored  by  the  Navy#  A 
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study  of  methods  for  improving  the  adhesion  of  aluminum  to  steel  was 
planned*  This  study  was  contingent  upon  the  rjavyfo  continuing  the  project 
but  the  project  was  closed.  The  amount  of  effort  for  continuing  the 
work  under  this  project  would  .'■'eve  been  greater  than  that  allotted  in 
view  of  the  other  lines  of  investigation  that  had  to  be  carried  on# 

For  this  reason, the  investigation  of  aluminum  plate  adherence  was  not 
begun. 

This  report  is  a Final  Report  in  the  sense, that  it  represents 
the  completion  of  a phase  of  an  overall  investigation.  The  work  to  be 
accomplished  during  this  phase  was  set  forth  in  the  contract  which 
authorized  this  project.  Recently  a supplemental  contract  has  been 
entered  into, which  authorizes  outdoor  testing  of  protective  coatings 
described  later  in  this  report,  and  an  investigation^of  methods  for 
electrodepoaition  of  certain  binary  manganese  alloys* 


RESULTS  ACCOMPLISHED 


I 


An  alloy  coating  containing  manganese  and  £(#  zinc  shows 
premise  as  a protective  material  for  steel*,  This  alloy  is  superior 


to  pure  zinc  as  a protective  coating  when  exposed  in  the  "wet-dry*1  ^ 
cabinet**.  The  coating  was  prepared  by  heat  treating  a duplex  coating 
of  manganese  and  zinc  electroplates  so  as  to  cause  interdiffusion.  The 
alloy  has  an  advantage  over  pure  manganese  in  that  the  corrosion  products 
appear  to  be  less  bulky  and  are  more  adherent. 


Host  plated  oar.eis  discussed  herein  had 
plating, as  shown  in  Appendix  I. 

** 

See  Appendix  1 for  description. 


1*130  steel  oa»is 


i.ur 
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Lianganese  and  tin  were  eodeposited  from  a tartrate-oxalo  be  bath, 
but  the  reproducibility  in  plate  composition  was  poor4  The  study  of 
manganese-tin  alloys  containing  1 x0>  to, 6055  manganese  was  continued  with 
diffusion  coatingss  Those  alloys  showed  better  inherent  corrosion 
resistance  than  pure  manganese,  since  the  characteristic  brown  corrosion 
products  developed  more  slowly  on  the  alloy.  Pure  manganese  gave  a higher 
degree  of  sacrificial  protection, 

A peculiar  phenomenon  was  observed  with  the  manganese-tin 
diffusion  alloys.  After  standing  at  room  temperature  for  five  or  more 
days,  a gray  powder  formed  on  the  surface.  X-ray  diffraction  tests 
showed  that  the  powder  was  tin,  but  not  gray  tin.  No  explanation  was 
found  for  this  apparent  "disintegration"  of  the  diffusion  alloy. 

Attempts  were  made  to  prepare  a sound  codeposit  of  zinc  and 
silver,  first  using  an  iodide  solution,  and  second  using  a thiosulfate 
solution.  Both  zinc  and  silver  were  found  in  the  deposit  which  was 
powdery  and  nonadherent. 

Zinc-silver  alloy  coatings  prepared  by  diffusion  showed 
extremely  poor  resistance  in  the  "wet-dry”  teat.  This  is  thought 
to  bo  due  to  a small  amount  of  free  silver  in  the  coating.  It  is 
believed  that,  if  the  coating  can  be  prepared  so  as  to  eliminate 
the  free  silver,  a resistant  coating  will  result  in  accordance  With 
expectations  from  the  potential  measurements  and  weight-loss  measurements 
on  cast  zinc-silver  alloys* 

Codeposits  of  manganese  and  nickel  were  obtained  from  solutions 
containing  ammonium  salts.  The  manganese  content  was  very  low,  however. 
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Some  evidence  of  diffusion  wa3  found  after  heat  treating  manganese 
and  nickel  duplex  plates * After  a twenty— one-hour  heat  treatment,  the 
identification  of  pure  nickel  and  pure  manganese  was  questionable  and  a 
strong  pattern  of  iron  and  an  unknown  phase  *.  j found* 

Slight  evidence  of  tne  interdiffusion  of  zinc  and  chromium 
electroplates  was  founds  The  only  X-ray  data  available  were  obtained 
here  from  some  low-chromium  castings*  The  lack  of  complete  X-ray 
data  was  a handicap* 

No  interdiffusion  was  detected  of  cadmium  and  chromium  or  of 
manganese  and  cadmium  electroplates* 

No  work  was  done  on  manganese-copper  alloys,  because  it  had 
been  mutually  agreed  to  defer  this  until  the  Navy  tests  on  the  same 
subject  were  complete* 

VTork  supported  at  Battelle  by  the  Tin  Research  Institute,  Inc,, 
overcame  previous  difficulties  with  zinc-tin  alley  plating*  Revised 
directions  for  using  the  zinc-tin  bath  are  given  in  Appendix  I* 

Experiments  on  the  codeposition  of  zinc  and  lead  resulted  in  non- 
adherent,  coarsely  crystalline  deposits  containing  mostly  lead* 

Zinc-nickel-coated  ("corronized" ) ltl30  steel  panels  were  exposed 
in  the  "wet— dry"  test,  in  which  they  rusted  fairly  rapidly.  As  the 
nickel  content  increased  from  25#  to  50#,  the  advance  of  rusting  became 
slower* 

Cadmium-tin  diffusion  coatings,  and  also  cadmium-tin  codeposited 
coatings  (both  types  containing  about  $C%  cadmium)  were  exposed  in  the 
nwet-dry"  cabinet*  These  coatings  are  comparable  to  pure  cadmium  coatings, 
with  the  codeposited  alloy  being  somewhat  better# 
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Cadmium-silver  codeposited  coatings  rusted  early  in  the  "wet- 
dry11  test,  but  subsequent  rusting  progressed  slowly.  This  alloy  was 
slightly  inferior  to  pure  cadmium  in  the  "wetwiry"  test,  ./eight -loss 
measurements  on  ca3t  cadmium-silver  specimens ,after  exposure  in  the 
"wet-dry"  test, shewed  the  alloy  to  have  about  the  same  resistance  as  pure 
cadra' urn. 

Although  one  of  the  requisites  for  s substitute  ccctinfa  a s the t 
it  give  sacrificial  protection,  some  thought  was  given  to  the  non- 
sacrificial  type  of  coating.  An  iron-chrordum  alloy  containing  6%  iron 
has  been  developed  here  (under  a separate  government  sponsorship). 

The  alloy  plate  does  not  have  the  usual  cracks  associated  with  chromium 
deposits#  Because  the  coating  could  conceivably  give  envelope -type 
protection,  it  was  tested  in  the  "wet-dry"  cabinet.  The  iron -chromium 
alloy,  however,  was  no  better  than  the  chromium-plated  panels  which  were 
exposed  at  the  same  time. 

The  effect  of  light  nitriding  of  the  steel  surface  prior  to 
pure  zinc  plating  was  studied.  The  nitrided  panels  showed  no  significant 
improvement  over  the  unnitrided  panels, 

A proposed  graphical  system  for  rating  coatings  after  exposure 
in  the  "wet-dry"  test  is  described*  The  method  involves  a graphical 
integration  of  tine  and  extent  of  corrosion.  It  represents  a first 
attempt  to  obtain  a single  number  which  describes  the  relative  corrosion 
resistance. 

The  manganese-zinc  corrosion  products  were  studied  by  means  of 
X-ray  diffraction.  Only  manganese  oxides  were  detected.  The  type  of 
oxide  appears  to  be  related  to  the  composition  of  the  alloy. 
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Seventy-two  coated  U130  steel  panels,  for  outdoor  exposure  at 
the  Battelle  Moiv.h  Fiorxda  Research  Station,  were  prepared*  Pure 
manganese,  manganese-zinc,  and  zinc-tin  coatings  will  be  tested  in 
comparison  with  pure  zinc,  zinc  plus  chromate,  and  pure  cadmium.  Three 
thicknesses,  0*1  mil,  0,3  mil,  and  0,5  mil,  were  prepared  for  each 
type  of  coating;. 


DISCUSSION  OF  ESSENTIAL  SATA 
Zinc^ilver  Alloy  C oa  tings 

Introduction 

Measurement  of  dynamic  potentials  and  corrosion-current  density 
of  cast  alloys  previously  had  shown  that  a zinc-silver  alley  con- 
taining 25?  silver  held  promise  for  improved  corrosion  resistance 
in  comparison  with  pure  zinc.  (See  Pinal  Report,  dated  June  28,  19U9, ) 
This  was  further  substantiated  by  weight-loss  measurements  on  cast  alloy 
specimens  exposed  in  the  "wet-dry"  cabinet*  The  2$%  silver  alloy  lost 
less  weight  in  the  test  than  either  zinc  or  cadmium*  (See  Final  Report, 
dated  June  28,  19U9, ) Experiments  were  then  started  on  the  preparation 
of  alloy  coatings  by  electrodeposition. 


Experiments  on  the  Codeposition  of  Zinc  and  Silver 


These  experiments  were  started  during  the  second  year  of  work 
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June  23,  1 9h9)t  the  deposition  potentials  of  zinc  arid  silver  could  be 
brought  closer  together  by  complexir.g  the  silver  as  a complex  iodide* 
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This  would  reduce  the  silver  i^n  concentration,  making  its  deposition 
potential  wore  negative**  By  using  a high  concentration  of  zinc 
iodide  (which  does  not  form  a complex  in  iodide  solutions), the  zinc 
deposition  potential  would  become  somewhat  more  positive* 

Potential  measurements  in  solutions  containing  the  single  ions, 
zinc  or  silver,  demonstrated  that  such  a change  took  place*  Bven  with 
the  small  amount  of  polarization,  due  to  passage  wf  uuiraiil,  the 
deposition  potentials  were  not  elose  enough  so  that  codeposition  could 
be  predicted, 

V.hen  the  ions  were  present  in  the  same  solution,  codeposition 

• i- 

did  occur,  possibly  indicating  increased  polarization  of  the  silver. 

The  codeposition  experiments  are  described  in  Table  20,  Appendix  I, 

In  general, the  codeposits  from  the  iodide  solutions  were 
characterized  by  a rough  and  powdery  surface*  The  deposits  were  not 
rough  from  the  very  beginning,  A thin  flash-plate  was  obtained  before 
the  roughness  would  begin,  Raub  and  ..ulhorst11*,  using  a cyanide 
solution,  and  V.rood  and  Saunders***, using  a cyanide-hydra zide  solution, 
also  were  able  to  get  only  flash  plates  followed  by  increasing  roughness, 
A number  of  additional  agents  were  tried  without  improving  the 
deposit,  (Gee  Table  20,  Appendix  I.) 


The  convention  as  to  the  sign  of  the  potential  is  the  one  adopted  by 
the  Electrochemical  Society,  where  the  active  end  of  the  electronotive- 
fcrce  series  us  negative, 

Lletallforsohung  2,  33  (19U7 ). 

"A  Study  of  Silver-Zinc  Coatings  for  Steel  i'iatware" 9 
Lietallurgy  Board,  harch  i,  A'yu3« 


Report  to  .Tar 


The  first  experiments  were  run  at'85*F.  Increasing  the 
temperature  to  177°F.  caused  the  deposit  to  become  worse*  Lowering 
the  temperature  to  L0*F.  seemed  to  improve  the  deposits,  but  they 
still  we  re  not  acceptable  as  coatings. 

The  plate  composition  is  quite  sensitive  to  current  density. 

Figure  1 shows  this  relationship. 

The  powdery  deposits  were  at  first  believed  due  to  a silver  , 

lr  ^ 

immersion  plate  which  formed  aftei  the  initial  deposit  of  alloy.  The 
alloy,  being  more  active  than  silver,  displaces  silver  from  the 
solution.  This  view  has  been  discarded  and  for  reasons-  discussed 
later  in  this  section. 

Because  of  toe  thought  that  immersion  plating  was  responsible 
for  the  poor  deposits,  new  complexing  agents  were  sought. 

The  first  of  these  was  the  silver  ethylene  thiourea  complex. 

The  complex  is  easily  formed  from  ethylene  thiourea  and  silver  nitrate. 

It  is  soluble  in  water  and  silver  deposits  'were  obtained  at  15  amps  ./sq.ft, 
and  80*F,  Sta  Lie-potential  .measurements  in  this  solution  resulted 
values  about  200  millivolts  more  electropositive  than  those  in  iodide 
solutions.  This  indicated  that  the  silver  Y*as  not  complexed  enough  to 
obtain  the  desired  shift  in  deposition  potential, 

fyridine  showed  insufficient  power  as  a complexing  agent.  Silver 
in  pyridine  was  oxidized  to  a divalent  form  by  persulfate,  but  this 
complex  was  also  weak,  the  silver  being  displaced  easily. 

During  an  investigation  for  another  sponsor,  it  was  found  tha-t, 
if  a solution  of  silver  nitrate  in  dry  acetonitrile  was  treated  with 
dry  ammonia  gas,  a precipitate  formed  ’which  w3s  presumably  a silver 
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FIGURE  I.  EFFECT  OF  CURf^ 
OF  ZINC -SILVER  DE 


complex.  The  solution  wa3  then  saturated  v;ith  respect  to  this  silver 

\ ' 

complex.  Zinc  did  not  displace  silver  from  such  a solution  as  long  as 

no  water  v:as  present,  A deposit  of  black  colloidal  silver  was  obtained 
on  passage  of  a curbont.  This  solution  did  not  appear  to  hold  practical 
possibilities  and  the  investigation  vfas  discontinued, 

V . V 

Static-potential  measurements  on  the  silver  thiosulfate  complex 

if  d 

\ 

indicated  it  to  be  only  slightly  less  favorable  than  the  iodide;  compile, 
being  20  millivolVts  less  negative,  Yilth  a current  of  one  amp./sq.ft. , 
silver  sulfide  was  produced  at  the  cathode  and  the  cathode -potential 
value  changed  from  -OJilU  volts  to  -1,10  volts.  This  large  change  in 
potential  resulted  from  the  great  reduction  of  silver  ions  adjacent  to 

the  cathode  when  the  silver  precipitated  as  Ag2S  (th^  equilibrium 

^ * $ 

constant  for  Ag2S  is  1,0  x 10-51).  A stuffy  of  the  literature  revealed 
that  if  certain  precautions  were  taken  the  precipitation  could  be  avoided, 
Hickman*, et  a 1,, defined  the  conditions, 

Hickman  recommended  that  the  solution  be  acidic,  that  sulfite 
and  gelation  be  present,  and  that  rapid  agitation  be  used.  The  directions 

O 

were  followed  in  solutions  containing  both  zinc  and  silver.  Spongy 

v 

nonadherent  deposits  containing  both  silver  and  zinc  resulted.  Sulfur 
was  also  found  in  the  deposit,  although  less  of  it  deposits  if  gelatin 
is  present. 

During  these  experiments,  silver  was  oaslly  displaced  by  a 
more  active  metal, such  as  zinc, from  a thiosulfate  complex,  but  if  zinc 
is  present  no  displacement  occurred.  On  electrolyzing  the  solution, 
an  unsatisfactory  deposit  resulted.  This  cast  doubt  on  the  earlier 

*Ind.  Eng,  Chem.,  2$,  202  (1933). 


observation  that  the  poor  zinc-silver  deposits  were  probably  caused  by 
a simultaneous  iniiiersion  deposit,  another  factor  which  made  the 
immersion  theory  untenable  is  that  increasing  the  current  density  aid 
not  improve  the  deposits* 

Because  of  time  limitations  and  the  desirability  of  producing  a 
satisfactory  silica-silver  alloy  coating  within  the  contract  period,  the 
^©deposition  work  was  discontinued  in  favdr  of  preparation  by  diffusion*  1 
This  decision  applied  not  «uiy  Lo  the  izinc-eiiver  alloy's,  but  wherever 
this  method  of  preparation  was  practicable  and  could  save  time  In 
studying  other  alloy  coatings*. 


v 
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Experiments  on  Zinc-Silver  Alloy  Coatings  by  Diffusion 


In  general,  the  preparation  of  alloy  coatings  by  diffusion 
consisted  of  plating  Metal  A on  the  steel  panels,  plating  Metal  B over 

'C : \ * 

Metal  A,  thus  forming  a duplex  plate,  and  then  heating  them  to  a suffi- 
cently  high  temperature  that  interdiffusion  occurred.  The  alloy 
composition  was  controlled  by  the  relative  amounts  of  A and  B which  were 
deposited.  The  heat  treating  can  be  done  in  an  inert-gas  atmosphere, 
in  air,  or  in  an  oil  bath*  The  choice  depended  on  the  temperature  and 
the  chemical  properties  of  the  metals. 

The  initial  experiments  with  duplex  plates  of  zinc  and  silver 
disclosed  that  interdiffusion  of  sine  and  silver  took  place  at  700°F., 
in  a pur ified-nitr open  atmosphere  to  prevent  oxidation.  The  extent  of 
diffusion  was  determined,  in  these  early  experiments,  by  microexamiuation. 
Subsequent  use  of  X-ray  diffraction  for  examination  of  the  diffusion 
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specimens  expedited  the  work,because  relatively  thin  coatings . could  be 
used  (0*3  mil, as  compared  with  2 to  U tails  for  mieroaxamination) , and 
the  specimens  required  uu  special  preparation,  such  33  was  necessary 
for  mierooxaiainaticn#  Experiments  tvith  duplex  plates  with  a total 
thickness  of  0*3  mil  demonstrated  that  diffusion  could  be  brought 
about  in  one  hour  at  *>00*?* 

At  first  it  appeared  best,  in  preparing  the  duplex  deposits,  to 
plate  the  silver  directly  on  the  sfteel  and  then  zinc  plate*  Silver 
does  not  diffuse  into  steel  at  temperatures  (500*F#-800*F,  ) which  cause 
interdiffusion  of  zinc  and  silver*  There  was  a possibility  that  zinc 
would.  If  deposited  first,  diffuse  into  the  steel*  Thus,  a zinc-silver 
alloy  coating  low  in  zinc  would  result*  If  sufficient  zinc  was 
"robbed"  by  the  steel,  the  coating  might  not  provide  sacrificial 
protection  for  the  atsel* 

However,  when  silver  was  plated  directly  on  the  steel  (using 
a single  strike  solution  and  a regular  plating  bath,  but  no  special  pre- 
treatment),  it  blistered  during  heat  treatment*  Therefore,  duplex 

coatings  were  prepared  with  the  zinc  next  to  the  steel*  The  total 

// 

thickness  was  0*0003  inch  (the  thickness  previously  chosen  as  standard 
for  the  "wet-dry*  exposure  test),  and  the  respective  weights  were  such 
aa  to  pive  a resultant  alloy  of  2$%  silver  content*  The  coatings  were 
heat  treated  in  a purified-nitrogen  atmosphere  for  one  hour  at  500*F, 
Observation  of  the  coatings,  following  heat  treatment,  showed  them  to 
have  changed  in  color  from  silvery  white  to  a blue  gray.  This  alone  . 
was  indicative  of  diffusion  having  taken  place*  The  coating  was 
wrinkled  along  the  edges  of  the  specimens  but  no  breaks  were  apparent* 
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X-ray  diffraction  measurements  shewed  the  desired  epsilon  phase 
(see  constitution  diagram,  p*  1155,  American^  Society  for  metals  Handbook, 
19h3  ) to  be  present  and  also  a small  amount  of  free  silver  (estimated  to 
be,  at  most,  a few  per  cent). 

The  static  potential  of  one  of  the  specimens  was  measured  in 
three  per  cent  sodium  chloride  solution.  The  values  are  given  in  Table  1» 
The  results  show  that  diffusion  t.nnV  niane;  If  diffusion  had  not  taker, 
place  or  had  been  incomplete,  the  potentials  would  have  been  more 
electropositive, 

v.  The  value  for  60  minutes  is  some  hundred  millivolts  more 

o' 

negative  than  that  for.  the  cast  alloys  of  the  same  composition,  (See 
Final  Report  dated  November  30,  19l*7,  p«  U5« ) At  120  minutes  and  beyond, 
the  potential  is  equal  to  that  of  the  cast  alloy* 

After  330  minutes  in  the  salt  solution,  the  panel  showed  only  ' 

• •*/  t , 

a trace  of  corrosion  products.  The  coating  flaked  at  the  edges,  and 
beneath  it  was  observed  a thin  silver-like  layer  so  that  the  steel  was 
not  exposed.  This  may  be  a silver  or  silver-rich  layer,  but  the  reason 
for  its  being  found  on  the  steel  is  unknown.  X-ray  diffraction  measure- 
ments detected  a small  amount  of  zinc-iron  alloy  in  one  of  the  specimens 
where  the  2inc  was  plated  first.  This  was  undesirable  for  reasons 
stated  above. 

The  remaining  alternative  was  to  plate  the  silver  on  the  steel 
first,  so  the  problem  of  producing  adherent  silver  deposits  directly  on 
S,A,E,  hl30  steel  was  taken  up  crce  more.  Success  came  easily,  U,  S, 
Patent  2,U31,9b7  described  an  anodic  treatment  in  phospnoric  acid  solu- 
tion which  purportedly  caused  a strong  bond  to  be  formed  between  the 
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TABLE  1.  POTENTIAL-TIME  DATA  FCR  ZINC-SILVa* 
DIFFUSION  ALLOY  (Mo.  US57-56A), 

CONTAINING  25  Pitt  Cu-IT  SILVER,  Hi 
THREE  PER  CENT  SODIUM  CHLORIDE  SOLUTION 
AT  90*F. , SATURATED-CALOriEL  SCALE*  VALUES 
IN  VOLTS. 


Elapsed 

Time 

(Mine.) 

Potential 

(('  Elapsed 
, i!  Time 
V CEina. ) 

Potential 

1 

-a.  012 

1 

120 

-0,911 

V 

10 

-1.023 

ISO 

-0,911*^ 

20 

-i.ae? 

160 

-0.922 

30 

-1,030 

210 

-0,919 

liO 

-1,030 

300 

-0.912 

So 

-1.031 

330 

-0.913 

60 

-1.030 

IS 
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steel  and  silver,  A trial  of  the  method  showed  the  claims  to  be  valid* 

Tiie  anodic  treatment  etched  the  steel  uniformly,  leaving  a carbon  smut 
on  the  surface,  which  was  easily  removed  by  brushing  in  a stream  of 
top  water*  The  adherence  of  the  silver  was  tested  ny  heating  the  specimens 
at  500°F«  for  an  hour.  No  separation  of  the  silver  from  the  steel 
occurred*  Previously,  electropolishing  had  been  tried  as  a pretreatment, 
but  tne  silver  did  not  adhere.  Apparently,  a satisfactory  mechanical 
hnnh  is  formed  with  the  etched  surface.  Details  of  the  anodic  treatment 
are  given  in  Appendix  I * 

A series  of  panels  was  prepared  with  a 0.0003-inch-thick:  zino- 
silver  diffusion  alley  containing  approximately  2$%  silver*  Details 
of  the  electrodeposition  are  given  in  the  experimental  section  and  in 
Appendiit  I* 

the  X-ray  results  and  the  heat-treating  data  are  given  In 
Table  2,  Characteristic  photograms  for  each  type  of  coating  are  shewn 
in  Figure  8*,  Appendix  II.  Specimens  63 A,  6$A,  and  72A  showed  the 
epsilon  phase  and  silver  to  be  present  as  given  in  photogram  type  3, 

Figure  8.  Free  ailver  was  estimated  as  being  present  to  the  extent  of 
2 to  The  necessary  data  for  phase  identification  have  been  worked 
out  by  Owen  and  Pickup**,  The  epsilon  phase  has  a hexagonal  close- 

'-X 
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packed  structure  with  a range  in  a0  from  2.81  to  2*82  A,-^d  c0  varies 
from  U.35  to  U*-U7  A as  the  silver  content  varies  from  20  to  1*6  weight 
per  cent*  The  cell  dimensions  of  the  compound  identified  in  these 
three  specimens  correspond  to  an  alloy  containing  between  20  and  3QS& 
silver.  

*The  relative  intensities  in  Figure  8 are  estimated  relative  intensities 
for  each  photogram  (with  an  exception),  but  can  not  be  carried  from  one 
to  another.  The  exception  is  the  photopram  for  the  tine-silver  epsilon 
phase.  Here  the  relative  intensities  are  represented  as  all  being  equal, 
because  no  intensity  data  vrere  available, 

^^roc,  Roy.  foe.,  a,  lljO,  .-MiL  (1933?s 
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{!)  Phase  moenclatur#  according  to  constitution  dluara  nan  1155,  ASM  Matal 
Handbook,  1949  Edition.  9 

(21  Estimated  to  bo  2 to  3 par  cant  by  weight. 


Specimen  65a,  which  was  heated  in  mineral  oil  at  UOO*F*  for  2 
hours,  showed  some  free  zinc  at  one  location  on  the  sample  (see  photocram 
type  A,  Figure  8,  Appendix  II).  No  explanation  is  known  for  the  fact  that 
65A  had  free  zinc  in  one  nlaca  and  not  another#  The  presence  of  an 
extra  line  at  2.2?A  might  be  attributed  to  the  existence  in  this  sample 
of  e range  of  composition  ir,  epsilon  phase*  Specimen  73A.  which  was 
heated  at  250°F,  in  oil  for  six  hovd*s,  also  had  some  free  zinc  (see 
photograra  type  A,  Figure  8,  Appendix ^11),  These  temperatures  are 
probably  too  low.  No  experiments  were  conducted  at  higher  temperature# 
in  oil  because  the  mineral  oil  had  a flash  point  of  i*l*0*F  . ,, 

During  the  time  that  these  experiments  were  being  carried  on,  a 
separate  investigation  was  made  to  establish  beyond  doubt  whether  zinc 
^ and  iron  do  interdiffuse  at  500*F.  Itro  S#A#S#  1*130  steel  panels  were 
plated  with  0.0003  inch  of  zinc.  These  were  heated  at  *>00*F.  f cr  one 
hour  in  a purif ied-nitrogen  atmosphere.  It  was  necessary  to  dissolve 
some  of  the  coating  off  because  the  zinc  pattern  might  have  overshadowed 
the  sine-iron  alloy  lines,  if  any.  No  evidence  of  the  interdiffusion  of 
zinc  and  iron  was  found.  Zinc  was  plated  first  in  some  of  the  subsequent 
testa,  whereas  silver  was  plated  first  in  others# 

In  preparing  specimens  to  be  used  for  "wet-dry"  exposure, 
diffusion  was  effected  at  500®F.  for  one  hour  in  a purif ied-nitrogen 
atmosphere#  s 

The  first  signs  of  rust  were  observed  on  the  zinc-silver  coatings 
after  four  cycles  in  the  rtwet-dry"  cabinet.  Tha  advance  of  rusting  was 
very  rapid.  iwo  specimens  wiiicu  had  been  plated  first  with  zinc  were 
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heat  treated  in  the  same  way  end  exposed  in  t.»a  "wel-dry"  cabinet*  These 
failed  about  as  rapidly  as  the  first  group*  These  results  are  tabulated 
in  Table  2$,  Appendix  I, 

The  rapid  deterioration  of  the  diffusion-formed,  zinc-silver- 
alloy  coatings  was  unexpected,  in  vievr  of  the  insignificant  weight 
losses  incurred  by  the  cast  specimens  containing  2$  per  cent  silver*  (See 
Final  Report,  dated  June  28.  19U9.)  What,  if  any*  was  the  difference  in 
the  two  alloys? 

Two  of  the  cast  specimens  from  the  early  work  were  X-rayed*  xAire 
epsilon  phase  (AgZn^)  was  found  with  no  trace  of  free  silver*  A small 
amount  (3  to  5 per  cent)  of  free  silver  was  always  found  in  the  diffusion 
coatings  that  failed*  Thus,  with  free  silver,  the  potential  relation- 
ships are  favorable  for  rapid  c corrosion*  The  AgZn^  has  a potential 
about  equal  to  that  of  sine,  while  the  potential  far  silver  ie  more 
noble  by  over  a volt*  The  results  of  the  X-ray  diffraction  studies  art 
given  in  Table  3,  and  typical  photograms  are  given  in  Figure  9,  Appendix 
II.  *Jhen  3-1/2  hours  of  additional  heat  treatment  was  given  to  Speeinen 
U557-72A,  the  identification  of  the  free  silver  was  questionable* 

Specimen  1*557-98A,  which  was  heated  for  eight  hours  at  the  ease  500*7* 
temperature,  failed  to  show  any  free  silver*  (Standard  AgZn^  photogram. 
Figure  9*)  The  high-purity  nitrogen  that  was  used  as  an  atmosphere 
during  the  heat  treating  contained  small  amounts  of  oxygen,  which  account 
for  the  presence  of  zinc  oxide  (Standard  ZnO  photogram.  Figure  9, 

Appendix  II). 

In  accomplishing  the  apparent  solution  of  the  silver,  an  un- 
desirable condition  was  created.  The  coatings  flaked  from  Specimens 
U557-90A  and  U557-90B,  the  latter  being  the  more  serious,  A loose 
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TABUS  3*  DESCRIPTION  OP  ZINC-SILVER  DIFFUSION  COATINGS  AND 
RESULTS  OF  X-RAY  DIFFRACTION  EXAMINATION 
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The  letters  S,  MS,  M,  ?,  end  VP  refer  to  the  relative  Intensities  (strong.  Medium  strong,  Medium,  ftlnt,  end  very 
faint)  of  that  phase's  diffraction  pattern* 

X phase  has  not  been  positively  Identified,  but  it  «ay  be  an  Pe-Zn  alloy*  ^ 


flake  from  -98A  had  a small  amount  of  free  zinc.  Free  zinc  probably 
would  not  be  harmful,  because  the  AgZn^  has  about  the  same  potential 
as  pure  zi.’c# 

Successive  abrasions  of  Specimen  1*5$?-98A  shewed  that  the  AgZaj 
existed  throughout  the  entire  thickness  of  the  routing,  A private 
communication,  received  from  the  Standard  Steel  Spring  Company,  revealed 
that  flaking  was  always  associated  with  zinc  deposited  from  a cyanide  r 
solution.  They  developed  a special  acid  solution*  which  prevented 
flaking,  it  was  also  learned  that,  in  the  preparation  of  the  zinc- 
nickel  ("corronized" ) coatings,  the  nickel  la  deposited  first  and  is 
covered  with  the  zinc.  Heat  treating  is  done  in  air  at  700*F*,  and 
diffusion  is  reported  to  be  complete  in  thirty  minutes#  Ho  visible 
oxidation  takes  place,  but  the  resulting  coating  is  a dark  blue-gray  in 

<-7 

color# 

Taking  a cue  from  that  work,  an  experiment  was  performed  to 
see  if  the  a$£jd  sino  solution  weald  be  effective  in  preventing  flaking 
of  zinc-silver  coatings*  Two  sets  of  four  epeolmeivr  each  were  pre- 
pared  with  duplex  zinc-silver  coatings#  These  are  the  first  eight 
specimens  in  Table  U,  In  all  cases,  the  zinc  was  deposited  first# 

Four  specimens  received  zinc  coatings  from  the  cyanide  solution,  end 
the  remaining  four  were  coated  in  the  special  acid  solution.  All 
eight  were  silver  plated  in  the  same  way#  The  two  sets  were  heat 
treated  simultaneously  in  air  at  600*F#  At  the  end  of  one,  two,  four, 
and  eight  hours,  one  specimen  from  each  set  was  removed  from  the 
furnace#  No  flaking  was  observed  in  the  "acid"  specimens,  but  the 
"cyanide"  specimens  showed  flaking.  The  acid  specimens  had  a pour  appear- 
ance, however# 

*The  composition  of  the  special  acid-type  solution  is  not  given  in  this 
report  because  no  permission  has  been  granted  to  do  so# 
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EAJ3LE  4°  DESCRIPTION  OP  ZINC -SILVER  DIFFUSION  COATINGS  AND 
RESULTS  OF  X-RAY  DIFFRACTION  EXAMINATION 
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Previous  results  had  shown  that,  after  eight  hours  of  heat 


treating,  no  free  silver  could  be  detected  by  X-ray  diffraction. 
T*bls  t shcnrs  that  free  silver  stay  be  present  in  spite  of  the  longer 
hei'i  treatment*  Also,  the  fact  that  no  silver  is  detectsd  by  X-ray 
diffraction  is  no  assurance  that  very  small  amounts  are  not  present. 
The  experiment  was  repeated  with  the  silver  being  deposited 
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ings  shewed  no  flaking.  They  had  lustrous,  mat  surfaces j in  fact, 
they  looked  better  after  heat  treating  than  before.  These  specimens 
were  exposed  xn  the  “wet-dry"  cabinet  and  failed  after  only  one  cycle* 

No  difference  due  to  heat-treating  time  was  observed. 

The  methods  for  plating  the  duplex  specimens  are  described  in 
Appendix  I, 

apparently,  the  preparation  of  resistant  zinc-silver  coatings 
by  diffusion  is  not  prccticable  or  will  involve  a longer  research  before 
success  is  attained.  It  may  be  that,  in  order  to  achieve  a satisfactory 
coating,  codeposition  studies  will  have  to  be  resumed* 

The  influence  of  the  heat-treating  atmosphere  on  the  zinc-silver 
coatings  was  tested  by  diffusing  several  duplex-coated  specimens  in 
hydrogen*  \/hen  exposed  in  the  "wet-dry"  cabinet,  these  specimens  rusted 
as  rapidly  as  those  heat  treated  in  air  (two  cycles).  Two  specimens, 
coated  with  a zinc-silver  duplex,  undiffused  plate,  were  also  exposed. 
They  showed  rusting  after  two  cycles,  also. 


Duplex  plates,  such  as  these  with  the  zinc  on  the  outside,  would 
be  expected  to  protect  steel  longer  than  for  two  cycles*  The  zinc  made 
up  more  than  0.2  mil  of  the  total  coating  thickness  (0.3  mil).  A 
simple  zinc  coating  of  0,2-mil  thickness  on  steel  would  prevent  rusting 
for  a longer  period.  The  free  silver  is  then  probably  the  cause  for  the 
rapid  rusting,  Ymereas  the  test  with  duplex  plates  does  not  prove  the 
belief,  it  does  support  the  idea* 

The  possibility  of  the  coating  being  porous  was  eliminated  by 
testing  electrographically.  No  pores  were  detected. 

Tests  on  Galvanic  Couples  Formed  From  Aluminum  and 
2inc-5 liver  Alloys 

There  is  a possible  danger  in  the  use  of  alloy  coatings  which 
contain  noble  metals  for  protecting  steel  parts  of  aircraft.  If  the 
corrosion  products  from  the  alloy  cone  in  contact  with  aluminum  or  its 
alloys,  the  noble  metal  might  deposit  (by  chemical  displacement)  on  the 
aluminum.  Thus,  a couple  would  be  formed  in  which  the  aluminum  would 
be  anodic,  and  as  such  would  corrode  rather  rapidly.  Alloys  containing 
copper,  such  as  brass,  are  "bad  actors"  in  this  respect. 

The  above  discussion  could  also  apply  to  zinc-silver  alloys,  the 
corrosion  products  of  which  might  contain  small  amounts  of  silver.  If 
a metallic  deposit  of  silver  formed  on  aluminum,  the  latter  might  corrode. 
To  determine  the  amount  of  corrosion  brought  about  by  such 
combinations,  a group  of  couples  was  exposed  in  the  "wet-dry"  cabinet# 
Two  z-inn-s-n vpr  alloys  were  used,  one  containing  1?  par  cant  silver,  the 
other  25  per  cent  silver.  Two  types  of  aluminum  were  used,  bare  2!*ST 


and  2UST  Alclad*  The  aluminum  specimens  measured  four  inches  by  one 
Inch,  and  the  zinc-silver  alloy  pieces  were  about  3/U  inch  square*  The 
zinc-silver  alloy  specimens  were  clamped  to  the  aluminum  at  one  end  by 
means  of  the  Lucite  washers  which  support  the  specimens  in  the  cabinet# 

After  1^0  cycles  (Yb  days), the  couples  were  removed  end  examined* 
The  aluminum  was  lightly  corroded  all  over*  There  was  no  evidence  of 
localized  corrosion  at  the  interface  between  the  aluminum  and  the 
Zinc— silver  alloy,  nor  elsewhere* 

The  conditions  in  the  n wet-dry"  cabinet  might  not  have  been 
favorable  for  obtaining  galvanic  corrosion*  The  mechanism  would  require 
some  dissolution  of  the  zinc-silver  a 11  cry,  with  subsequent  precipitation 
of  silver  on  aluminum,  thus  forming  a silver -aluminum  couple,  in  which  the 
aluminum  is  anodic* 

As  mentioned  above,  copper  and  copper  alloys  will  set  in  this 
way  so  as  to  produce  c opper-a lusdnua  couples*  As  a test  of  galvanic 
action  in  the  "wet-dry"  cabinet,  several  couples  composed  of  aluminum 
and  copper  and  aluminum  and  brass  are  now  being  exposed*  The  test  has 
not  been  completed ,but  the  results  will  be  camnunicated  at  a later  date# 
Even  though  the  zinc-silver  diffusion  coatings  had  little 
protective  value,  dropping  them  from  further  study  is  not  yet  recommended* 
It  i«  still  believed  that  zinc-eilver  alloy  coatings,  if  properly  pre- 
pared, will  be  protective# 

Experiments  on  tho  Codeposition  of  Zinc  and  Lead 

Lead  is  soluble  in  zinc  to  the  extent  of  about  one  per  cent* 

Beyond  this  amount, there  is  complete  immiscibllity  of  the  metals  at  room 
temperature*  Tests  made  early  in  this  program  on  cast  specimens 
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disclosed  that  one  per  cent  lead  was  insufficient  for  making  a 
significant  improvement  in  corrosion  resistance*  An  increase  is 
desired  in  the  amount  of  lead  in  a zinc-lead  alloy  to  bo  used  as  a 
protective  c. voting* 

dlectrodeposited  alloys  other  than  zinc— lead  alloys  have  been 
prepared  which  show  evidence  of  greater  solubility  than  would  be  pre- 
dicted from  the  constitution  diagr-ara.  Zlcctr cdcpcs iti on , then,  is  one 
possibility  for  making  such  alloys*  V 

During  the  first  year  of  work  on  this  project,  the  codeposition 
of  zinc  and  lead  from  cyanide  baths,  containing  tartrate  and  fluoride, 
was  studied*  Wide  variations  in  plate  composition  were  observed  even  when 
the  plating  conditions  were  apparently  identical.  No  X-ray  data  were 
taken,  so  it  is  not  known  what  types  structure  wero  obtained* 

Assuming,  however,  that  no  variation  from  the  phase  diagram  can 
be  expected,  a quasi-alloy  can  be  visualized  comprising  a fine  dispersion 

of  lead  in  zinc.  This  may  also  be  prepared  by  electrodBposition, . ,r 
a • 

Attempts  to  codeposit  zinc  and  lead  from  fluoborate  solutions 

or  zincate-plumbite  solutions  were  unsuccessful.  In  all  cases,  lead  alone 

deposited.  Examples  of  these  solutions  will  be  found  in  Appendix  I, 

This  work  continued  with  a study  of  baths  in  which  the  lead 

exists  as  a complex  chloride.  Zinc  does  not  form  chloride  complexes. 

In  that  way,  it  was  hoped  to  suppress  the  lead  ion  concentration,  so 

as  to  bring  the  respective  deposition  potentials  close  together# 

Several  lead-complex! ng  agents  were  tested,  Vfhat  was  sought  was 

a lead  complex  vdiich  would  have  a very  lent  concentration  of  lead  ions 
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in  solution.  Thi3  would  shift  the  lead  potential  toward  that  of  zinc 
if  the  zinc  was  not  caraplexed,  The  static  electrode  potential  of  a 
complex  LiCl-PbCl2  mixture  was  measured  and  compared  with  the  potential 
of  a nitrate  solution  containing  the  aamw  u one entrs tier,  of  lead*  The 
results  are  given  in  Table  5*  Coraplexing  caused  ths  potential  to  shift 
only  200  iidllivolts  in  the  negative  direction0  The  potential  of  a 
one-molal  zinc  chloride  solution  would  be  about  -1.0  volt,  on  the 
saturated-calomel  scale.  This  leaves  a difference  of  U00  millivolts 
between  the  zinc  potential  and  the  lead  potential  in  the  complex 
solution.  Assuming  the  respective  deposition  potentials  to  be  close  to 
these  values,  considerable  polarization  would  be  required,  in  the  case 
of  the  lead,  in  order  to  have  codeposition. 

Zinc  chloride  is  even  more  soluble  than  lithium  chloride. 
According  to  the  law  of  mass  action,  where  the  chloride  ion  concentration 
ia  Increased  the  lead  ion  concentration  will  be  decreased. 

A concentrated  zinc  chloride  solution  was  made  up  and  a relative- 
ly small  amount  of  lead  chloride  was  added  to  it.  Several  plating 
experiments  were  made  using  this  complex  zinc-lead  solution*  Table  23, 
Appendix  I,  gives  the  details  of  the  experiments.  The  best  deposits 
were  crystalline  and  treed,  with  the  adherence  being  poor.  Analysis  of 
the  lead  in  the  deposit  shewed  95  per  cent  to  97.5  per  cent.  Since 
much  higher  zinc  percentages  were  desired,  it  was  not  thought  worth 
while  to  determine  zinc  except  ty  difference. 
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TABLE  5*  SINGLE  ELECIRGDE  POTENTIALS  UF  X£AD  IN 
NimATE  SOLUTION  AND  COMPLEX  CHLORIDE 
SOLUTION.  SATUiiA  TED -CALOMEL  SCALE. 
VALUES  IN  VOLTS*  90‘F. 


Elapsed 
Time 
(Mins. ) 

Nitrate 

Solution* 

Complex 

T 

jjoatL 

Chloride 

Solution** 

3 

-0.610 

10 

— 

-0.611 

13 

-o.Ln 

— 

21 

-0.1*11 

-0.612* 

35 

-o.U5 

-0.612* 

58 

-0.1*0? 

-0.612* 

no 

-0.L13 

-0.612 

193 

-0.2*09 

-0.610 

360 

-0.1*05 

-0.608 

*Load  nitrate  solution  contains  1*1.3  g./l*  FbCNOj^  or  25,8  g./l,lead. 

** 

Complex  chloride  solution  consists  of  35  g*/I#  PbClg  or  25«8  g./l. 
lead  in  a saturated  LiCl  solution. 


AFTK  5 Wi?  'iapp'i  ? 


?8 


Experiments  on  the  Electrodeposition  of  Zinc-Tin  Alloys 
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the  Tin  Research  Institute.  Their  formulation  has  been  used  successfully 
in  England  in  several  coramerical  units.  Attempts  to  duplicate  the 
results  at  Battelle  did  not  at  first  meet  with  success.  It  was  necessary 


t.c>  ini'r«as«  t.hfl  7.  in  ft  n.nncAntrati  on  in  order  to  get  the  desired  plate 
composition,  A study  of  the  problem  revealed  that  high-purity  stannate 
must  be  used.  In  liigland  stannate  is  made  from  virgin  tin.  In  the 
United  States,  sodium  stannate  is  usually  made  „Xrcm  tin-plate  scrap  and 
other  tin  sorap.  Consequently,  it  contains  organic  and  other  impurities, 
a sample  of  British  stannate  was  procured  and  with  it  the 
recommended  bath  produced  the  desired  plate  composition. 

High-purity  stannate  can  now  be  obtained  in  this  country  from 
the  Metal  and  Thermit  Corporation,  Rahway,  New  Jersey* 

Research  also  revealed  that  the  bath  should  be  held  at  operating 
temperature  several  days  before  use.  Apparently  some  of  the  chemical 
changes  are  slow  in  taking  place. 

Full  directions  for  operating  this  bath  are  given  in  Appendix  I, 


Manganese-Tin  Alloy  Coatings 

Experiments  on  the  Codepoaitlon  of  Manganese  and  Tin 

The  investigation  of  this  alloy  grew  out  of  a conference  with 
Air  Force  representatives  when  the  decision  was  reached  to  abandon  the 
manganese-silver  alloy  in  its  favor.  The  manganese-tin  constitution 
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diagram  discloses  tnat  tin  is  soluble  in  manganese  to  the  extent  of  6$ 
at  room  tempera Lure.  With  higher  percentages,  intermetal lie  and  possibly 
brittle  compounds  are  frvrm«H_  Compositions  in  the  solid -solution  range- 


theri  became  the  coal  for  alloy  plates. 

Preliminary  experiments  for  the  electrodeposition  of  manganese- 
tin  alloys  were  reported  in  the  Final  Report  dated  June  28,  19l*9.  The 
investigation  has  bean  continued  with  stud a of  the  pyrophosphate 
solution  and  the  thiocyanate  solution.  Neither  of  these  solutions  has 
produced  a deposit  of  the  desired  composition, 

V: 

The  pyrophosphate-type  solution  produced  the  better  appearing 
deposits,  so  it  was  used  for  the  quantitative  trials.  By  increasing  the 
current  density  from  1*3  to  11*1*  amps, /sq.ft, , the  manganese  eontant  rosja 
from  6.3$  to  36$.  A further  increase  in  current  density  to  216  amps./ 
sq.ft,  raised  the  jnanganese  content  to  1*3%*  It  appeared  that  further 
increases  in  current  density  would  result  in  smaller  and  smaller  in- 
creases in  manganese  content.  Thus,  a 92$  manganese  deposit  or  higher 
from  these  solutions  appears  unattainable. 

Lowering  the  tin  content  of  the  solution  by  60$  had  very  little 
effect  on  the  plate  composition. 

Attempts  to  improve  the  pyrophosphate  solution  resulted  in  better 
appearing  deposits,  but  the  tin  contents  were  still  high.  Experiments  with 
a straight  sulfate-type  solution  resulted  in  deposits  having  a tin 
content  bolcw  1$.  Addition  of  a tartrate  to  the  sulfate  solution  raised 
the  tin  content  to  the  range  35—7056*  The  lower  tin  content  was  obtained 
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at  high  current  densities.  By  raising  the  MnSO^^O  concentration 
from  UO  g,/l,  to  200  g./l,,  the  tin  content  of  the  deposits  was  finally 
lowered  to  about  12$, 

Til  til  both  tartr^tA  and  oxalate  present,  the  iunSujj^O  concentration 
could  be  lowered  to  h0  g,/l.  to  produce  deposits  with  a tin  content  in 
the  range  desired,  "When  the  oxalate  was  used  in  the  absence  of  tartrate, 
poor  deposits  of  uncertain  composition  resulted.  Furthermore,  the  tin 
precipitated  at  a pH  of  5 with  only  the  oxalate  present.  When  both 
tartrate  and  oxalate  were  present,  no  precipitation  took  place  up  to  pH 
8,  at  which  point  the  bath  seemed  to  function  best.  Current  efficiencies 
are  of  the  order  of  15$, 

Details  of  the  experimental  mangane3 e-tin  plating  are  given  in 

J 

Tables  21  and  22,  Appendix  I* 

Static-Potential  Tests 

Table  6 gives  the  results  of  the  static  electrode  potential  tests 
on  electrodeposited  manganese-tin  alloys  in  3$  sodium  chloride  solution. 

The  data  show  two  discrepancies  in  this  series 0 The  alloy  containing 
17$  tin  has  a more  noble  potential  than  the  ^0$  tin  alloy.  The  n72$rt 
tin  alloy  has  a potential  value  which  is  less  noble  than  the  one  contain- 
ing ”65$"  tin.  One  apparent  explanation  is  that  the  analyses  were  in 
error.  The  analyses  ware  made  on  separate  specimens  plated  under  the 
same  conditions,  so  it  is  also  possible  that  lack  of  reproducibility  in 
plating  is  the  cause. 
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TABLE  6.  POTHTTIAL-TDffi  DATA  FOR  ELECTRODEPOSITS)  MANGANESE-'1  IN 
ALLOTS  IN  THREE  PER  CENT  SODIUM  CHLORIDE  SOLUTION  AT 
90  f*  SATURATED- CALOMEL  SCALE.  VALUES  IN  VOLTS.* 


AFTK  w?  Sup nl  ' 


All  values  ure  negative. 


One  of  the  discrepancies  in  potential  relationships  was  re- 
flected in  the  degree  of  corrosion  observed  visually  on  the  specimens* 

The  H17,»H  tin  alloy  showed  no  brown  corrosion  products,  while  the  "hOp" 

*4  — jj  a tLcrt.  anH  70d  t.ln  flhrwroH  nn 

ujukVJi  AilW  vw*»  ✓ / I-  | p ' -*'  • #-  - — ■ 

>vpr*yji  corrosion  products  - oro^  it  is  known  that  there  are 

1 V «**4  wx  r+  *-i«**«  A y»oo^  cf  hAfl  mire 

UidAl^CLAlC^O^LrXlA  (UlU) «?  Hu  h xiig  g*  o«wu*  ******  W .****1  1 wwi-  v— * ■ - - 

manganese  at  least  in  3$  sodium  chloride  solution, and  which  can  be 
expected  to  give  sacrificial  protection  to  steel*  What  is  not  known 
is  the  exact  composition  for  these  alloys* 

Experiments  on  the  Preparation  of  Manganese-Tin  Alloy 
flStlngS  by" Slfftircn  — 

Subsequent  experiments  with  the  manganea e-tin-plating  bath 
shewed  the  reproducibility  to  be  poor*  As  with  the  zinc-silver  work, 
time  was  an  important  factor*  so  rather  than  traoe  the  cause  of  poor 
reproducibility,  alloy  coatings  ware  prepared  by  diffusion. 

In  the  work  with  electrodeposlted  allays,  those  with  a fairly 
high  (about  U0£)  tin  content  showed  pros poets  of  having  good  corrosion 
resistance  and  of  providing  sacrificial  protection* 

The  diffusion  coatings  which  were  prepared  contained  about  h0£ 
tin*  Manganese  was  first  plated  on  electropolished  S*A*E.  U130  steel* 
Previous  experience  had  demonstrated  that  elootropolishing  was  necessary* 
Apparently,  there  was  something  on  the  surface  of  the  steel  which  inter- 
fered with  manganese  deposition  and  which  was  removed  by  electropolishing* 
This  may  not  be  true  for  other  lots  of  the  same  alloy.  The  tin  was 
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plated  directly  on  the  manganese.  The  manganese-plated  panel  must  be 
immersed  in  the  tin-plating  solution  with  the  current  on.  Also,  at  the 
instant  of  immersion  and  for  about  five  seconds  thereafter,  the  current 
density  must  be  aoove  that  normally  used  in  tin  plating.  If  those  pre- 
cautions were  not  taken,  the  tin  did  not  completely  cover  the  manganese, 
and  where  it  did  cover  it  blistered.  Details  of  the  mangai  ese-tin 
duplex  plating  experiments  are  given  in  Appendix  I, 

No  X-ray  data  were  at  first  available  for  manganese-tin  allqys* 
Nevertheless,  determination  of  the  extent  of  diffusion  was  possible* 
Standard  patterns  for  pure  tin  and  for  pure  alpha  manganese  are  known. 

No  evidence  of  free  tin  or  free  manganese  could  be  found,  so.  the  con- 
clusion was  drawn  that  complete  diffusion  had  taken  place.  Data  for  this 
test  are  contained  in  Table  7 and  Figure  8, 

Under  the  impression  that  interdLif fusion  of  the  manganese  and 
tin  was  complete,  several  panels  were  exposed  in  the  "wet-dry"  cabinet. 
The  manganese-tin  coatings  shewed  better  inherent  resistance  to 
attack  than  the  pure  manganese  coatings.  The  characteristic  brown 
corrosion  products  did  not  appear  so  rapidly  on  the  alloy  coating  as  on 
the  pure  manganese  specimens.  One  specimen  (U557-£6C)  had  only  J>0  per 
cent  of  its  surface  covered  with  the  manganese-type  corrosion  products 
after  forty  cycles  in  the  "wet-dry"  cabinet.  The  pure  manganese  coatings 
were  covered  with  the  brown  oxides  after  only  two  cycles.  The  other 
three  alloy  coatings,  while  not  so  resistant  as  U557-86C,  did  show 
improved  surface  resistance.  As  for  providing  sacrificial  protection, 
however,  the  pure  manganese  was  the  better.  After  13k  cycles,  the  stee? 
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underneath  pure  manganese  coating  had  not  rusted*  This  was  not  the  case 
with  the  alloy  coatings*  Three  of  them  showed  iron  rust,  which  covered 
5 per  cent,  lf>  per  cent,  and  50  per  cent  of  the  surface,  respectively* 

(See  Table  2U.  Append-w  II  . } 

A better  interpretation  of  these  results  can  ba  made  in  the 
light  of  X-ray  diffraction  measurements,  and  so  this  discussion  will  be 
def erred  until  la  ter  in  this  report,  where  the  X-ray  results  will  be 
discussed.  Following  this,  it  was  planned  to  prepare  a series  of 
manganese-tin  alloys  of  different  compositions.  Calculations  were  made 
for  alloys  containing  10  per  cent,  2$  per  cent,  $0  per  cent,  75  par  cent, 
and  90  per  cent  tin*  They  wero  to  be  used  for  the  measurement  of  po- 
tentials, which  would  define  the  ccnpositi^n^liMts  within  which 
sacrificial  protection  would  be  expected. 

Shortly  after  this  work  was  started.  X-ray  data  wero  found  which 
gave  the  identifying  characteristics  for  manganese-tin  compounds**  With 
the  now  information,  a diffraction  pattern  was  made  from  Specimen  U557-87A, 
(Table  7 gives  the  results  for  this  and  other  manganese-tin  specimens. 
Figure  10,  Appendix  II,  shore  the  type  of  photograms  obtained  from  the 
X-ray  measurements*)  The  conditions  for  the  preparation  of  Specimen 
U557-Q7A  were  the  same  as  for  the  panels  exposed  in  the  "wet-dry"  cabinet. 
The  diffraction  pattern  showed  strong  tin  and  faint  &inSn2  (Standard  tin 
and  Type  A photograms.  Figure  10)*  Some  time  following  this  diffraction 
measurement,  the  specimen  was  observed  to  have  developed  a gray  powder 

Hans  Ncrwotny  and  K*  Schubert,  hota Ilf or s chung,  1,  17  0-5U6), 
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on  its  surface.,  Tills  powder  had  not  been  there  originally.  The 
diffraction  pattern  obtained  from  this  powdery  surface  showed  only  tin 
to  be  proscnt*  Successive  abrasions  showed  the  freo-juanganesa  pattern 
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Figure  10);,  Apparently,  diffusion  had  not  been  complete.  Also,  with 
forty  weight  per  cent  tin,  one  would  expect  a compound  such  as  Mn-jSn, 
rather  than  HnSn^o  At  this  point,  the  preparation  of  the  composition 
series  of  manganese-tin  coatings  v^as  deferred  until  further  tests  were 
made  in  determining  the  conditions  for  diffusions 

Heat  treating  at  the  same  temperature  for  a longer  period  (see 
Specimen  532 7-18 A,  Table  7)  resulted  in  a stronger  MnSn2  pattern. 
X-raying  after  abrasion  again  demonstrated  that  the  IfnSnj  was  only  on 
the  surface.  Sevan  days  following  heat  treatment,  the  powder  had  re- 
appeared. After  additional  heat  treatment,  only  tin  was  found.  Several 
days  later,  the  powder  appeared  once  more.  The  surface  underlying  the 
powder  was  X-rayed  and  only  tin  was  found. 

Those  experiments  were  repeated,  using,  instead  of  a duplex 
plate,  a coating  with  a total  of  six  alternating  layers,  three  each  of 
manganese  and  tin.  The  total  thickness  was  the  same  as  with  the  duplex 
plate  (0.3  mil).  This  was  Specimen  5327-2UB,  Essentially  the  same 
results  were  obtained  as  previously . 

The  data  from  all  those  experiments  show  that  the  MhSn2  is 
concentrated  in  the  outor  layers.  One  explanation  is  that  the  manganese 
migrates  along  the  surfaces  of  the  tin  pores  and  finds  its  way  to  the 
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surface.  This  phenomenon  of  surface  mil  ration  has  been  observed  with 
several  other  metal  pairs.  No  reference  to  its  occurrence  in  the  case 
of  manganese  and  tin  has  been  found.  The  thin  coatings  of  tin  used  in 
this  work  are  undoubtedly  porous. 

The  only  thought  on  the  formation  of  the  powder  is  that  i.inSn2 
is  unstable  and  decomposes.  Although  manganese  was  not  found  when  the 
powdered  surface  was  X-rayed,  it  way  have  been  present.  Manganese 
does  not  give  so  strong  a diffraction  pattern  as  tin  and  could  have 
been  overshadowed. 

The  "wet-dry"  tests  can  now  be  examined  in  a slightly  different 
light.  The  so-called  "manganese- tin  diffusion  coatings",  as  prepared 
thus  far,  appear  to  be  triplex  coatings,  with  a thin  outer  layer  of 
hnSng,  an  intermediate  iayar^of  tin,  and  an  inner  layer  of  manganese. 
Decomposition  of  the  MnS^  layer  would  leave  a duplex  coating  of  tin 
and  manganese.  There  is  sufficient  difference  in  potential  between 
these  two  metals  to  cause  rapid  deterioration  of  the  manganese,  hence 
the  rusting  observed  in  three  of  the  four  "manganese-tin"  coatings, 

A few  experiments  were  conducted  where  a manganese-coated  steel 
panel  was  immersed  in  a molten  stannous  chloride  bath.  The  manganese 
displaces  tin  in  the  solution  and  molten  tin  forms  on  the  surface.  The 
heat  should  cause  the  tin  to  diffusa  into  the  manganese,  A second  inert- 
salt  bath  would  be  necessary  after  the  requisite  amount  of  tin  is 
deposited.  Diffusion  could  continue  without  additional  deposition  of  tin. 
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Experiments  on  the  preparation  of  man^anose-tin  diffusion  coat- 
ings by  electrodepositing  tin  on  manganese  in  a fusod-salt  bath  were 
discontinued  because  this  method  has  too  many  practical  disadvantages. 
The  manganese  and  the  tin  tend  to  segregate,  and  only  small  amounts 
uf  LIii3ii2  wore  detected* 

In  the  previous  work  on  manganese-tin,  the  heat  treating  was 
done  below  the  molting  point  of  tin.  Heating  a duplex  manganese-tin 
plate  ahrwA  the  mrO-Mnjj  point,  of  tin  did  not  increase  the  alloyingi 
in  fact,  less  alloying  seemed  to  taka  place. 

Examination  of  two  of  the  codeposited  specimens  which  were 
prepared  some  time  ago  disclosed  an  unidentifiable  phase.  This  phase 
did  not  correspond  to  any  of  the  phases  reported  in  the  literature* 

c\ 

Free  tin  was  also  found,  but  no  free  manganese  was  evident* 

llanganes  e-Zinc  Alloy  Coatings 
Experiments  on  Manganese-Zinc  Codeposition 

Attempts  to  codeposit  manganese  and  zinc  began  with  a manganous 
sulfate  bath  to  which  was  added  varying  amounts  of  zinc  sulfate.  It  was 
found  that  the  addition  of  one  gram  of  .inSOU^THgO  per  liter  of  solution 
resulted  in  a bright  deposit.  Analysis  of  this  deposit  showed  it  to 
contain  90-95  per  cent  manganese.  X-ray  diffraction  revealed  an 
amorphous  structure. 

A rapid  corrosion  test  wa3  inade  on  the  bright  deposits  by 
placing  several  drops  of  distilled  water  on  tee  surface,  v/ithin  less 
than  an  hour  the  characteristic  brown  manganese  corrosion  products  were 
visible,  so  that  the  inherent  corrosion  resistance  of  this  coating 
appeared  to  oe  no  better  than  that  of  pure  iianj  anese. 
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./hen  two  or  three  grams  of  zinc  sulfate  were  added  to  the  bath, 
a black  deposit  was  formed.  Chances  in  tiie  plating  variables  did  not 
result  in  a satisfactory  plate  when  the  zinc  sulfate  was  higher  than  one 
gras  per  liter.  The  deposits  were  hot  improved  by  addition  agents  such 
as  thiosulfate,  gum  arable,  licorice,  and  boric  acid. 

Experiments  with  iianganes  e-Zinc  Diffusion  Coatings 

For  the  most  part,  the  procedure  in  the  preparation  of  diffused 
binary-alloy  coatings  has  been  to  deposit  the  higher  melting  metal 
first.  The  manganese-zinc  system  was  first  attacked  in  this  way. 

The  initial  problem,  of  course,  centered  on  obtaining  adherent  zinc 

ft 

deposits  over  the  manganese* 

Poor  results  were  obtained  with  the  special  acid-type  zinc 
solution  used  in  the  zinc-silver  work*  The  zinc  deposit  was  sever ly 
blistered.  After  several  strike  solutions  failed  to  deposit  adherent 
coatings,  a dilute  zinc  cyanide  strike  solution  was  prepared  and,  by 
its  use,  better  results  were  obtained. 

Specimens  with  0.3-oil-thick  coatings  containing  25  per  cent, 

50  per  cent,  and  75  pur  cent  manganese  were  prepared  and  heat  treated 
at  600°F.  in  air, for  varying  periods  of  time.  Visual  examination  showed 
that,  after  four  hours,  the  surface  had  darkened  somewhat  in  color.  In 
general,  very  little  surface  oxidation  occurred  during  heat  treating. 
When  the  manganese  was  plated  last,  the  surface  oxidized  heavily. 

Table  8 gives  the  heat-treating  data  and  the  phases  found  by 
X-ray  diffraction.  Reference  to  Figure  2 and  Table  8 shows  that 
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TABLE  8.  RESULTS  OF  X-RAY  DIFFRACTION  EXAMINATION  OF 

MANGANESE-ZINC  DIFFUSION  COATINGS.  MANGANESE 
PLATED  FIRST,  EXCEPT  AS  NOTED. 


Specimen  Compos it ion1  Diffusion 

Number  (height  %)  Treatment 


* t nc  a 

rnii~  _ KC\n~> 

yWIUU  /WUM 

a «*>• 

600°F. , 

Air 

on 

-34G1 * 3 

Ditto 

23  Hrs., 

600rf*, 

Air 

""""  * r ~ ~~ 

S-epsilon 

-26F 

R 

4 Hrs., 

600CF • , 

Air 

S-epsilon 

-34D 

n 

7-l/2Hrs., 

^00°F., 

Air 

S-epsilon 

-38A 

75Mn  - 25Zn 

15  Hrs., 

600°F., 

Air 

S-epsilon 

-38H 

25Mn  - 75Zn 

15  Hrs., 

60Q*F., 

Air 

S-epailon 

-74C 

7 5 to  - 25Zn 

7 Hrs., 

600°F., 

Air 

M-epsilon 

Cooled  to  140*F. 

in 

Furnace  in  16  Hours. 


-68F 

50Mn  - 50 Zn 

Ditto 

S-epsllon  ♦ VF-beta  to 

-68D 

50Mn  - 50Zn 

V.', 

19 

S-epsilon  ♦ VF-beta  to 

-7  2D 

25Mn  - 75Zn 

It 

S-alpha  * ? to 

1 . Nominal • 

2*  The  letters  S,  MS,  M,  F,  and  VF  (strong,  medium  strong,  medium,  faint,  and 
very  faint)  refer  tc  the  relative  intensities  of  the  phases'  diffraction 
pattern.  A question  mark  denotes  that  the  identification  of  the  phase  was 
doubtful . 

3.  Zinc  dated  first. 
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Figure  2*  Manganese* Zinc  Phase  Diagram*, 


* E.  V,  Potter  and  R.  Huber,  Trans,  A.S.M..  ZT  1001,  (1949), 
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diffusion  took  place  essentially  in  accordance  with  the  phase  diagram, 

Thu  most  recent  manga  rios  e-zinc  phase  diagram  is  reproduced  in  this  report 
because  it  may  not  bo  readily  available.  The  phnses  present  (in  the  case 
of  the  50-fj0  alloy)  were  those  stable  at  about  5?2*F.  (3006C.),  The 
presence  of  these  phases  was  thought  to  be  duo  to  air  quenching  when 
the  specimens  were  removed  from  the  bOO°F,  furnace.  Another  group  of 
duplex  manganeso-zinc-coated  specimens  was  he«$  treated  in  the  same 
way  but  was  furnace  cooled  at  a slow  rate.  The  data  in  Table  3 show 
that  tho  slaw  cooling  made  no  change  in  the  results,  except  in  the  case 
of  the  25  per  cent  manganese  alloy, 

Several  specimons  were  prepared  where  the  zinc  was  d posited 
first.  These  specimens  oxidized  heavily  during  the  hoat  treating, 

V. 

Table  17,  Appendix  I,  gives  some  typical  plating  experiments 
in  the  preparation  of  manganese-zinc  duplex  coatings, 

Static-Potential  Measurements  on  Diffused 
Manganese-Zinc  Coatings 

> Table  9 gives  the  results  of  static-potential  measurements  for 
three  compositions  of  manganese-zinc  coatings.  The  measurements  were 
made  in  3 per  cent  sodium  chloride  solution  at  90*F, 

These  data  show  that  sacrificial  protection  of  steel  can  bo 
obtained  from  these  compositions.  This  is  expocted,  since  each  of 
the  elements  is  anodic  to  steel,  Tho  values  at  360  minutes  are  in 
proportion  to  tho  manganese  content.  At  the  finish  of  the  test,  the 
beakers  containing  tile  sodium  chloride  solution  were  observed*  A small 
amount  of  brown  precipitate  lay  at  the  bottom  of  th^,  beaker  in  wnich  the 


TABLE  9.  STATIC-POTENTIAL  MEASUREMENTS  OF  DIFFUSED 

MANGANESE-ZINC  COATINGS  IN  Jf.  NeCl  SOLUTION, 
AT  90°F.  SATlUiATED-CALOMEL  SCALE.  VALUES  IN 
VOLTS • POTENTIAL  VALUES  FOR  MANGANESE.  ZINC. 
AnIj  mUN  ARE  INCLUDFU  FOR  COMPARISON, 


Specimen 

Manganese 
(Weleht  Z) 

Potential  at  Elapsed  Time  of* 

Number 

1 Min.. 

30  Min. 

eOMin,_ 

24Q  Min. 

360  Min. 

3180  - 37C 

100 

-1.390 

-1.317 

-1.316 

- 

5486  - 38B 

75 

-1.282 

-1.038 

-1.042 

-1,075 

-1.107 

- 70A 

50 

-1.177 

-1.053 

-1.053 

-1.040 

-1.039 

-38J 

25 

-1.035 

-1.030 

-1.031 

-1.024 

•1.016 

2875  - 50B 
(Pure  zinc) 

0 

-1.048 

Y. 

-1.056 

-1.061 

- 

im 

2875  - 33B 
(SAE  4130 
steel) 

-0.619 

-0.709 

-0.707 

SA*?;*  : h.pr.l  0 
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75  per  cent  manganese  panel  was  tested.  An  equal  amount  of  white;  pre- 
cipitate was  found  in  the  beaker  which  contained  tne  2$  per  cent 
;nangane3e  panel.  A much  smaller  amount  of  precipitate  was  obsorvod  in 
the  beaker  which  contained  the  50  per  cent  .nanganeso  panel.  It  appears 
that  the  75  per  cent  manganese  alloy  corrodes  very  much  like  pure 
manganeso,  while  the  2.5  per  cent  manganese  alloy  corrodes  more  like  sine. 
The  50-50  alloy  had  the  better  corrosion  resistance  in  32  sodium  chloride 
solution. 

Exposure  tests  with  manganese-zinc,  diffusion-alloy-coated 
specimens  show  this  combination  to  have  premise.  The  So-50  coating 
has  greater  resistance  than  zinc,  but  it  is  not  so  good  as  cadmium  in 
tho  "wet-dry"  tost.  This  coating  gives  sacrificial  protection  and  has 
an  apparent  advantago  over  pure  manganeso  or  pure  zinc  in  that  the 
corrosion  products  are  more  adherent  and  compact*  Scattered,  light-gray 
specks  wore  obsorvod  on  the  surfaces  of  some  of  the  specimens.  (See 
Table  26,  Appendix  II,  for  details.) 

Ono  of  tho  difficulties  with  the  visual  examination  of  those 
manganeso  alloys  is  tho  uncertainty  in  determining  the  initial  rust. 

The  color  of  tho  corrosion  products  of  tho  coating  hidos  tho  prosenoe  of 
iron  rust#  A non-dostructivo  test  on  tho  corrosion  product  is  required# 
Examination  under  ultraviolet  light  has  boon  tried,  but  without  success# 
Because  of  this  difficulty,  the  determination  of  the  first  rust  in 
several  cases  was  questionable.  The  presence  of  rust  was  ascertained 
after  tho  specimens  were  removed  from  tho  cabinet# 
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Tho  75  por  cunt  manganese  a Hoy  ccsrrodud  very  much  like  pur© 
manganese,  as  did  the  coating  where  the  zinc  had  boon  platod  first* 

A second  group  of  manga nos o-zinc  alloys  wore  exposed  in  the 
“wet-dry"  cabinet*  This  group  included  thran  compositions,  25  per  cent, 
5C  cunt,  and  73  por  cent  manganese#  The  results  are  detailed  in 
Table  2? , Appendix  IX* 

./ith  tho  exception  of  two  panels  with  coatings  containing 
25  per  cent  manganese,  all  the  pdnols  have  lasted  longer  than  those 
coated  with  puro  zinc*  This  Indicates  that  for  improved  resistance 
the  coatings  should  contain  about  50  per  cent  manganeaa. 

During  this  socond  test,  two  of  tho  panols  showed  small  rust 
spots  after  a few  cycles,"  but  the  rusted  areas  disappeared  a3  the  test 
progressed*  This  phenomenon  had  not  boon  observed  before*  A possible 
' explanation  is  that  the  nonferrous  rr,rre*inn  products  covered  up  tho 
iron  rust,  and  that  finally  the  iron  rust  bocamo  sufficiently  voluminous 
so  that  it  could  bo  seen* 

Manganese-Copper  Alley  Coatings 

No  work  was  dono  on  manganese-copper  alloy  coatings*  It  was 
mutually  agreed  that  such  work  should  be  deferred  until  tho  Navy  outdoor 
exposure  tosts  on  such  coatings  wore  completed#  The  development  and 
prepara tion  of  the  coatings  was  carried  out  by  Graham,CrowlQy»and 
Associates*  for  the  Airborne  Equipment  Division  of  tho  Bureau  of 
Aeronautics  under  Contract  No*  NQa(s)9930# 

U07  Couth  Dearborn  btrout,  Chicago  Illinois, 

U75  fork  Road,  J ..nkintovm,  Pennsylvania. 


was  found  to  be  effective.  Because  the  cyanide  solution  stops  depositing 
nickel  vrhen  a flash  plate  has  been  attained,  it  was  necessary  to  follow 
it  with  a plate  from  a Watts-typo  solution#  Some  typical  runs  are  given 
in  Tabic  16,  Appendix  I-  The  recorded  in  this  table  ere  the 

culmination  of  many  unsuccessful  attempts  to  ijako  a manganese-nickel 
duplex  plate.  The  heat-treating  data , together  with  the  X-ray  results  , 
aro  given  in  Table  10.  The  ?5-25  cumpcwiuiun  was  chosen  lor  theso  tests 
on  the  basis  of  previous  tests  with  cast  alloys,  (See  Final  Report  datod 
June  25,  19U&) 

Whan  hoat  treating  at  600*F.  for  8 hours  resulted  in  no  detect- 
able diffusion,  the  same  specimens  were  roheated  at  1000*F,  for  periods 
ranging  from  1-1/2  hours  to  21  hours.  Table  22  shows  that,  with  in- 
creasing time  in  tho  furnace,  the  nickel  and  manganese  lines  became 
weaker,  until,  at  21  hours,  their  identifications  were  questionable.  At 
the  same  time,  iron  became  stronger,  and  a now  phase,  tentatively  called 
the  X-phase,  became  apparent.  This  X-phase  has  not  been  Identified 
as  yet.  More  work  an  these  diffusion  alloys  will  be  necessary  to  clarify 
this  matter. 


Experiments  with  Zinc^hromiua  Diffusion  Coatings 

Mo  report  has  been  found  in  tho  literature  that  gives  X-ray 
data  for  zinc-chromium  alloys.  Diffusion  may  bo  detected  by  X-ray 
diffraction  in  tho  absence  of  such  data,  if  tho  X-ray  pattern  shows  no 
free  zinc  or  free  chromium,  but  does  show  some  unknown  phase*  Of  course, 
this  train  of  thought  can  lead  to  an  erroneous  conclusion,  as  in  tho 
case  of  manganose-tin. 
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TABLE  10,  RESULTS  OF  X-RAY  DIFFRACTION  EXAMINATION 
OF  MANGANESE-NICKEL  DIFFUSION  COATINGS, 
MANGANESE  PLATED  FIRST. 


Specimen 

Composition^- 

Heat  Treatment 

Phases,,  Identified 

5486-62C 

75Mn  - 25Ni 

1 

Hr.,  600eF . , Air 

S-Ni 

• F-Mn 

-62D 

Ditto 

2 

Kra.,  6CC°F.,  Air 

pi  tto 

-62E 

it 

4-1/2 

HTs»,  600°F . , Air 

tt 

-62F 

n 

6-1/2 

Hrs.,  600°F.,  Air 

n 

-62G 

n 

8 

Rrs.,  600°F» , Air 

a 

Additional  Heat 

5486-62C 

7 5Mn  - 25N1 

1-1/2 

Hrs.,  1000®F.,  Air 

S-Ni 

♦ S-Hn  ♦ M-Fe 

WF-X? 

-62D 

Ditto 

3 

Hrs.,  1000®F.,  Air 

S-Ni 

+ S-Mn  ♦ M-Fe 

+ 

VF-X 

-62E 

it 

4-1/2 

Hrs.,  1000°F»,  Air 

S-Ni 

♦ S-Mn  ♦ M-Fe 

if 

+ 

F-X 

-62F 

it 

6-1/2 

Hrs.,  1000°F„  Air 

M-Ni 

+ 7-Mn  ♦ S-Fe 

+ 

MS-X 

-62G 

n 

21 

Hrs.,  1000°F • , Air 

?-Ni 

♦ ?-M»  + S-Fe 

♦ 

s-x 

1.  Nominal, 

2.  The  letters  S,  MS,  M,  F,  VF,  and  WF  refer  to  the  relative  intensities 
(strong,  medium  strong,  medium,  very  faint,  and  very,  very  faint)  of  the 
phases*  diffraction  patterns,  A question  mark  denotes  that  the  identification 
of  the  phase  is  doubtful, 

3.  X-  phase  has  not  bean  identified,  but  does  not  aopear  to  be  a Mn  - Ni  alloy. 
Some  of  the  diffraction  lines  of  this  phase  correspond  to  some  of  those  of 
MnO.  However,  not  all  of  the  lines  can  be  accounted  for  by  this  compound. 


A 9 
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During  the  first  year  of  work  on  this  project, three  compositions 
of  zinc-chromium  alloys  were  prepared  in  cast  form.  They  contained 
0.U8  per  cent,  2. Oh  per  cent,  and  5.36  per  cent  chromium,  respectively. 
X-ray  patterns  wero  made  for  each  of  these  alloys.  Thr>  patterns 
showed  an  unidentified  phase  (the  Y phase)  to  bo  present  in  the  2,0)$ 
and  5,36£  alloys,  the  latter  having  the  larger  amount.  The  chromium 
contents  of  those  alloys  are  relatively  lew,  but  it  n.a  thought,  at 
the  time,  that  the  patterns  might  serve  as  guides  in  the  diffusion  work. 

Duplex  plates  wore  prepared  in  two  ways,  with  the  zinc  first 
and  with  the  chromium  first.  Standard  chromium  and  zinc  (cyanide) 
solutions  were  used  where  the  zinc  was  plated  first.  A special  zinc 
strike  solution  was  used  for  plating  on  the  chromium.  The  solutions 
and  conditions  are  given  in  Appendix  II. 

The  results  of  the  diffusion  treatment  are  given  in  Table  11. 
Some  diffusion  took  place, as  shown  by  the  small  amounts  of  Y phase. 
Diffusion  probably  did  not  proceed  frr. 

Experiments  with  Cadmium-Chromium  Diffusion  Alloys 

No  X-ray  data  were  found  in  the  literature  for  cadmium-chromium 

alloys. 

The  cadmium  was  plated  first,  and  no  difficulty  was  encountered 
in  depositing  the  chromium  over  it. 

It  was  thought  that  the  cadmium  and  chromium  would  interdiffuse 
at  a relatively  low  temperature,  but  such  was  not  the  case.  The  results 
are  given  in  Table  11. 
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TABLE;  11.  DESCRIPTION  OF  CAST  AND  Dll  FUSED  ZINC-CHROMIUM  ALLOYS 
AND  DIFFUSED  CADMI'JK-CHItOUlT,!  ALLOYS  AUD  RESULTS  OF 
X-RAY  DIFFRACTION  EXAMINATION 


<D 

1 

1*4 

-a 

M 

1 

U« 

& 

£ 

Q 

« 1 

♦ 

♦ 

fli 

tn  a)|  C 

rt  fr*l  ro 

c 

c 

u 

K3 

hsl 

f> 

C-  1 i 

1 

| 

1 

Cu  xd  in 

CO 

cn 

cn 

! — « 

* 

i 


X)  4>  ^5 
■r*  O O 
bfl  (3  U 
■H  Ih  P 

9 

fi  KH 

StS 


I I I 


• • • • h 

E *o 

S833J  8 

• ** 

C 2 g E J 9 

a 3 3 3 < o u 

o o o o ac  E 

*■**£ 

(M  niMj  N 


sS  I 

s! 


4-> 

! E 
£ 


ow 


*JT'  **  u 

O'  o o ^ 

>A  V*  **  O 

cj  vO 

O rn^ 

o oi  XA  ^ 


y e 


m r^\ 

'ft'? 


4FTf<  56??  Suppl  2 


51 


not  bean  identified 


Experiments  with  Manganese-Cadmium  Diffusion  Coatings 


No  special  strike  was  necessary  for  plating  cadmium  over 
manganese*  Good  cadmium  doposits  were  obtained  from  a standard  bright 
CvaiiiJt.i  solution  at  current  density  of  about  lb  amperes  per  square  foot. 
This  is  somewhat  lower  than  the  usual  30  amperes  per  square  foot  custom- 
arily used  with  this  bath.  The  only  diffusion  tests  were  made  on  panels 
having  a 50-50  coating.  In  all  eases  manganese  was  plated  first.  No 
diffusion  was  detected  after  heat  treating  at  50O*F.  for  six  hours. 

Table  19,  Appendix  I,  shows  the  plating  conditions  for  preparing  the 
duplex  plates.  Table  12  gives  the  heat-treating  data  and  the  results 
r of  the  examination  ty  X-ray  diffraction* 

Preparation  of  Outdoor  Panels 

The  coated  panels  for  outdoor  exposure  have  been  almost  completed. 
The  details^  their  preparation  are  given  here  and  will  De  given  again 
several  years  hence  whan  the  results  of  the  outdoor  exposure  are  reported. 

First  of  all,  the  preparation  of  each  type  of  panel  required 
some  preliminary  experiments  to  determine  the  current-density  conditions 
for  good  plate  distribution.  After  this,  the  plating  was  fairly  routine, 
exoept  in  the  case  of  the  manganese-coated  panels.  A calibration  curve 
for  the  measurement  of  manganese  plate  thickness  with  the  Magne-Gage  was 
not  available.  The  calibration  jwalTroado  by  first  testing  the  thickness 
magnetically,  and  then^sing  exactly  the  sane  spot, measuring  the  true 
thickness  of  3 micro  section  with  a mieroscopu. 
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TABLE  12.  RESULTS  OF  X-RAY  DIFFRACTION  EXAMINATION 
V.:;  aASuAwESE-CADMIUM  DIFFUSION  COATINGS. 
MANGANESE  PLATED  FIRST. 


Specimen 

Nunbsr 

Composition^- 
(’’teieht  %) 

Heat 

- . Treatment. . 

Phases 

Identified2 

* 5486  - 92  E 

50  Mn  - 50Cd 

1 Hr*  500°F.,  Air 

S - CD  + WF  CdO 

- 92  F 

Ditto 

2 Hrs.  « « 

S - Cd 

V.  - 92  J 

n 

6 Hrs.  » " 

S - Cd 

1.  Nominal 


2.  The  letters  S and  WF  (strong  and  very,  very  faint)  refer  to 
the  relative  intensities  of  the  phases  • diffraction  patterns. 


To  date, the  zinc-tin,  pure  manganese,  and  manganese  panels  have 
been  coated.  As  this  is  being  written, the  zinc  and  cadmium  standards 
are  in  preparation. 

The  plating  rack-.  in  Appendix  I, worked  very  ~ell  in 

producing  deposits  of  uniform  thickness. 

Mis  ce  11a  ns  eras  Experiments 
fixpostire  Tests  In  the  "Wet-Dry"  (^abinet 

Manganese  Coatings  with  Tin  Overlay,  Manganese  coatings  will 
provide  cathodic  protection  to  the  underlying  steel.  However,  tho 
manganese  will  deteriorate  rapidly.  As  a moans  of  reducing  this  rapid 
corrosion,  thin  coatings  of  tin  plate  were  applied  over  tho  manganese. 

Two  tin-coating  thicknesses,  0,00003  inch  and  0.00006  inch,  were 
used.  Neither  was  effective  in  reducing  the  corrosion  in  the  "wet-dry" 
cabinet.  After  one  cycle,  the  surface  of  the  metal  was  covered  with 
brown  spots.  Flash  coatings  of  tin  are  inherently  porous  and  break  down 
very  quickly.  Once  this  happens,  acceleration  of  corrosion  can  be 
expected  because  of  tho  formation  of  tin-manganese  couples* 

Cadmium-Silver  Alloy  Plato,  These  deposits,  containing 
silver,  were  exposed  in  the  scratched  and  unscratched  conditions.  Both 
types  showed  rust  after  a single  cycle.  It  is  important  to  note  that 
tne  corrosion  progressed  fairly  slowly  after  tho  first  appearance  of  rust. 
At  the  end  of  100  cycles,  the  pure  cadmium  was  in  better  condition  than 
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the  alloy0  The  latter  exhibited  rust  spots  and  scattered  white  corrosion 
products,  whereas  the  cadmium  had  fewer  rust  spots  and  no  white  corrosion 
products.  The  cadmium-ailver  plate  appears  slightly  inferior  to  the 
pure  cadmium  plate,  while  steel  panels  plated  with  zinc  were  not  exposed 
concurrently,  xt  is  judged,  an  the  basis  of  previous  lusts,  that  the 
cadmium-silver  is  superior  to  the  pure  zinc* 

Weight-Loss  Results  on  the  Cadmium-Silver  Castings.  Reference 
to  Table  13  shows  that  cadmium-silver  has  about  the  same  resistance  to 
corrosion  in  the  ^wet-dry*1  test  aa  tea  pure  cadmium. 


Zinc-Nickel  ("Corroniaed" ) Coatings,  The  results  for  the 
"oorroniaed"  coatings  are  given  in  Table  26,  Appendix  II, 

Three  coating  compositions  were  exposed.  In  all  cases,  the 
"corroniiedl  coatings  mated  before  the  pure  zinc  coatings,  which  were 


exposed  as  standards.  The  progress  at  tlfl? 

rusting,  varied  with  the  composition.  The  higher  the  nickel,  the  slomar 
the  advance  of  rusting.  It  appears,  from  the  results  of  this  teat,  that, 
under  conditions  of  moisture  condensation,  such  as  are  met  with  in  the 
tropics,  these  zinc-nickel  alloys  would  not  afford  protection  for  steel. 
Observations  of  scratched  zinc-nickel-coated  specimens  revealod  that 
only  a low  degree  of  sacrificial  protection  could  be  expected  where  con- 
densed moisture  prevailed. 

Whereas  the  nickel-zinc  c or roni zed  coating  appears  to  have 
achieved  success  under  other  atmospheric  conditions,  the  rosults  in  the 
n«^et-<iry,,  test  do  not  show  such  a coating  to  be  a prospect  for  better 
protection  than  pure  zinc  in  the  tropics. 
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J »»  f ’TrtT, 

Xi<  i«xaXj ixiuiinivio  r r\n  SUOAHK 
PER  DAY  FOR  CAST  CADKTTTli- 

'•*■' iMEHS  AMP  CAST  f*r>r.:Tm;  cf  pr ■ t . 


Specimen 
. . Number 

Weight  Loss 
(mdd ) 

Average 
Weight  Lops 

31 80-1 

1*47 

J 

l-AQ 

2875-60A? 

1.47 

1-39 

2875-60B3 

1.38 

1.30 

2875-60C2 

1.29 

1.35 

Cadniu-a-Tin  Coatings.  Both  diffused  and  codeposited  cadmium- 
tin  alley  coatings  were  tested. 

The  specimens  were  supplied  by  the  Naval  Air  Experimental 
Station,  Naval  Air  Material  Center,  Navy  Yard,  Philadelphia,  Pennsylvania* 
The  diffused  specimens  measured  1-1/2  inches  by  5 inches,  and  the  coating 
ranged  from  0.35  mil  to  0,U3  mil  in  thickness,  as  compared  with  the  0.3- 
mii  ewa lings  prepared  here.  The  cadmium-tin  coatings  which  wore  co- 
deposited from  a fluoborato  solution  were  plated  on  2-inch  by  3-inch 
specimens  and  represented  thicknesses  from  0.05  mil  to  0.3  mil.  Taking 
these  variations  into  consideration,  the  codeposited  alloy  is  believed 
to  bo  somewhat  more  resistant  than  the  diffused  coatings.  Of  tho  cadmium*' 
tin  coatings,  wily  the  codoposited  0.3-nil-thick  (3393-66L)  coating 
prevented  rusting  and  did  not  show  tarnishing.  The  only  change  was  a 
slight  darkening.  (See  Table  25,  Appendix  II, for  details  •) 

A report*  received  from  tho  Naval  Air  Experimental  Station, 

Naval  Air  Material  Center,  Navy  Yard,  Philadelphia,  discloses  that  tho 
cadmium-tin- alloy  coating  deposited  from  a fluoborato  solution  is 
superior  to  both  diffused  cadmium-tin  coatings  and  cadmium-plated 
coatings  in  the  salt-spray  and  humidity  testa.  Atmospheric-exposure 
tests  indicated  that  the  fluoborate-alloy  coating  and  pure  cadmium  were 
comparable  in  the  protection  afforded  and  both  were  superior  to  the 
diffusion-alloy  coating. 

^Report  No,  All  NAM  AE  U11027,  Part  II,  Tin-Cadmium  Alloy  Coatings  - 
Report  of  Tests,  Issued  12  May,  1950. 


A recent  pubJ.i cation*  by  B,  A.  Scott  and  It.  D.  Gray,  Jr*,  of 
Aright-Aeronautical  Corporation,  tivos  salt-spiay  results  for  the  cadmium- 
tin  fluoborate  coating*  They  report  no  rusting  after  30  months  in  the 
salt -spray  cabinet  for  coatings  o.U  ^nd  0,5  mil  in  ihicknftss- 

Sta tic-potential  measurements  in  J,j  sodium  cnlorido  solution 
Were  made  on  the  specimens  from  trie  Navy,  This  was  done  to  determine 
whether  the  coatings  could  give  sacrificial  protection  to  thn  steel. 

The  values  are  given  in  Table  28,  Appendix  II, 

Coatings  VJhich  Do  Not  Give  Cathodic  Protection.  Recently,  some 
thought  has  been  given  to  the  possibility  of  investigating  coatings 
which  do  not  give  sacrificial  protection  to  steel,  but  which  ire  not 
,r*-'“TBnth  more  Itshle  than  steel.  The  Initial  test  of  this  idea  was  wade 

using  a oodeposited  iron-chromium  alloy*  The  mothod  for  depositing  this 
alloy  has  been  developed  at  Battelle  under  the  sponsorship  of  the  Army 
Ordnance  Department,  This  alloy  contains  5 per  cent  iron  and  95  per  cent 
enromium,  and  is  deposited  from  a tri-valent  chromium  bath*  Unlike  the 
chromium  deposit  from  the  usual  chromic  acid  solution,  this  alloy  plate 
is  freo  of  cracks.  It  was  thought  that  the  crack-free  nature  of  the 
plate  would  provide  greater  protection  of  the  underlying  steel.  Specimens 
coated  with  regular  hard  chromium  were  exposed  simultaneously  as  controls* 
Rust  appeared  on  the  iron-chromium  and  the  chromium-coated 
panels  after  two  cycles.  Two  of  the  iron-chromium  specimens  were 
removed  after  2h  cycles,  and  the  remaining  two,  after  6U  cyeie3.  The 

Iron  Ago,  January  18,  pp.  59-62,  1951* 
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amount  of  rust  Was  about  tho  sa:nu  on  all  four  panels,  T.mj  progress  of 

rusting,  beyond  a curtain  point,  is  slow.  Detailed  results  are  given 

\ 

in  Table  26,  Appendix  II, 

Since  experiments  were  being  made  with  the  electrodeposition  of 
zinc-lead  alloys,  some  pure  lead  coatings  were  exposed  for  comparison. 
After  two  cycles,  the  panels  were  covered  with  loose,  white  corrosion 
products.  After  four  cycles,  spots  of  rust  showed. 

The  Effect  of  Lightly  Nitrided  Surfaces  on  the  Corrosion  of 
Zinc  Plate.  A short  investigation  was  made  on  the  effect  of  nitriding 
the  steel  surface  prior  to  plating.  Zinc  plate  was  used  for  this 
study,  because  more  information  is  available  on  the  behavior  of  zinc 
plate  than  for  any  other  coating  in  the  “wet-dry0  test. 

" “ The  panels  with  rtitridad  surface  required  an  average  of  thirty 
cyeies-for  initial  rusting.  The  unnitrided  panels  showed  the  first 
rust  after  only  20  cycles.  The  advance  of  rust  following  the  initial 
rusting  was  very  rapid  in  both  cases.  The  nonnitrided  panels  had  $ 0 % 
of  the  surface  rusted  after  an  average  of  76  cycles,  and  the  nitrided 
panels  shbwid  50£  rust  after  an  average  of  78  cycles.  It  can  be  con- 
cluded that,  even  though  the  nitriding  delays  the  initial  attack,  the 
subsequent  spread  of  rusting  is  so  rapid  that  the  difference  in  initial 
rusting  has  little  or  no  meaning. 

During  World  War  II, it  was  reported  that  nitriding  the  surface 
of  Armed  Forces1  tableware  prior  to  chromium  plating  resulted  in  a 
higher  degree  of  corrosion  resistance  than  offered  by  chranium-plated 


unnitridod  stool*  The  type  of  plate  which  is  deposited  over  the 
nitrided  surface  may  also  influence  the  results* 

A Proposed  Graphical  Method  for  Improving  the  Interpretation 
of  ''VJeWDry11  Testgr-^Tf  the  number  of  cycles  to  initial  rust  are  used  as 
a sole  criterion  of  corrosion  resistance,  it  is  entirely  possible  to 
draw  false  conclusions.  Such  would  be  the  case  with  manganese-zinc  plate 
on  which  onn  nr  two  spots  of  ruct  appear  after  only  two  cycles*  Assume 
that  the  initial  rusting  on  a zinc-coatod-panel  occurs  after  twenty 
cycles.  The  zinc-coated  panel  may  be  $0  per  cent  corroded  at  seventy 
cycles,  whereas  the  manganese-zinc -coated  stool,  which  rusted  first,  is 

only  five  per  cent  corroded  at  sovanty  cycles.  Thus,  the  progress  of 

- ' Cw-  ; jr  ~ 

further  rusting  after  the  initial  rust  is  also  an  important  factor* 

It  is  proposed,  therefore,  to  introduce  a graphical  integration 
method  which  includes  the  initial  rusting  and  the  progress  of  rusting 
thereafter* 

Figure  3 illustrates  this  method*  The  limit  for  recording  the 
extent  of  surface  rusting  has  been  arbitrarily  chosen  as  50  per  cent, 

A lower  percentage  can  be  taken  if  desired.  The  ordinate  is  chosen  as 
the  per  cent  area  rusted,  while  the  number  of  cycles  are  recorded  along 
the  abscissa.  By  taking  the  area  of  the  shaded  sections  in  Figure  3# 
a number  is  obtained  (the  "index")  which  gives  the  relative  resistance 
of  a coating.  The  upper  curve  shows  how  a zinc-coated  panel  might  be 
represented.  The  lower  drawing  in  Figure  3,  which  might  symbolize  the 
corrosion  factor  for  manganese-zinc,  shows  earlier  rusting  but  a very 
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Per  Cent  Area  Per  Cent  Area 

Covered  with  Rust  >!  Covered  with  Rus 


FIGURE  3 EXAMPLES  OF  A GRAPHICAL  METHOD  FOR  INTER- 
PRETATION OF  " WET -DRY" TESTS 
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alow  advance  of  rust.  The  indexes  show  that  the  overall  protective 
value  of  manganese-zinc  is  greater  than  that  of  zinc'  alone. 

The  method  does  not  allow  for  differences  in  depth  of  penetration 
of  the  corrosion.  During  the  three  years  that  the  ‘'wet-dry11  teat  has 
been  in  use,  large  differences  have  not  been  observed.  If  it*  is  found 

L \ 

in  the  future  that  there  are  significant  variations  in  depth  of  penetra- 


tion, then  this  factor  can  be  added  in* 

The  graphical  method  has  been  applied  to  some  of  the  mare  recent 
tosts.  Tabic  27,  Appendix  II,  gives  the  index  values  for  plain  zinc 
plate,  zinc  plate  on  a nitrided  steal  surface,  and  various  compositions 
of  manganese-zinc  coating.  The  average  index  value  far  plain  zinc  is 
1*39  and  that  for  zinc  on  nitrided  steel  is  1*62.  The  index  for  the 
nitrided  specimens  is  slightly  larger , but  not  large  enough  to  mean  that 
an  improvement  has  been  brought  about  by  'nitriding  the  steel  surface. 

The  results  for  oanganese-zino  coatings  show  much  larger 
deviations  than  do  the  aforementioned  tests.  Because  of  this, it  may 
be  necessary  to  apply  statistical  treatment  to  the  results.  This 
possibility  is  being  studied.  For  the  present,  averages  will  be  used. 


For  the  2555  manganese  coating, the  average  index  is  681*,  for  the  505# 
manganese  coating  it  is  878',  and  for  the  75^  manganese  coating  the 
value  is  1187.  C 

The  main  purpose  in  applying  the  graphical  method  to  these  tests 
at  this  time  is  to  illustrate  its  use.  It  is  believed  that  with 
refinements  it  can  bo  developed  into  a useful  tool. 
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Investigation  of  Corrosion  Products,  For  some  time  it  has 


boon  planned  to  study  the  corrosion  products  of  the  various  coatings. 
One  objective  is  to  determine  tno  influence  of  the  alloying  elements 
on  the  nature  and  extent  of  corrosion  products.  Knowing  this,  "design- 
ing” an  alloy  coating  fur  maximum  protection  would  be  possible. 

Preliminary  studies  of  manganese-zinc  corrosion  products  are 
given  in  Table  Hi.  It  is  seen  that  zinc  does  influence  the  nature  of 
the  corrosion  products.  No  attempt  is  made  at  the  present  time  to 
correlate  this  information  with  other  corrosion  data.  Further  studios 
should  be  made  before  this  is  done* 

EXPERIMENTAL  ffCRK* 

The  apparatus  and  methods  used  for  this  work  are  described  in 
detail  in  Appendix  1.  Appendix  II  ia  a collection  of  tabulated 
experimental  data* 


laboratory  Record  Bode 

No. 

3393, 

pp. 

57-100, 

Laboratory  Record  Book 

No* 

U557, 

PP. 

U-ioo, 

Laboratory  Record  Book 

No, 

5022, 

pp. 

1-67. 

Laboratory  Record  Book 

No* 

5327, 

pp. 

1-58. 

laboratory  Record  Book 

No. 

5351, 

Pp. 

1-81* 

Laboratory  Record  Bode 

No. 

5U66, 

PP* 

1-100. 

Laboratory  Record  Book 

No, 

5561, 

PP* 

1-30. 

Laboratory  Record  Bock 

No. 

5617, 

PP* 

1-23. 

■f 
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TABLE  H X-RAY  DIFFRACTION  RESULTS  ON  MANGANESE- 
ZIHC  CUKHOSION  PRODUCTS 


Specimen 

Number 

Plate 

Composition 

_ (rsieht  f) 

Un3Pli 

Unidentified 
, Phflfie- 

4557-89B 

it 

100m 

Strong 

— 

5486-3SF 

75Mn  - 25Zn 

Medium 

Strong 

Very  Faint 

-76H 

501ia  - 50Sn 

- 

Ditto 

Medium 

-76D 

25Mn  - 75Zn 

— 

Medium 

yy 
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FUTURE  «VCRK 


The  future  work  comprises  two  phases  under  an  extension  of  the 
contract  i 

1*  Outdoor  exposure  of  the  coatings  discussed  earlier  in  this 

report. 

2.  Investigation  of  methods  for  eloctrodepositing  binary 
manganese  alloys.  The  raanganese-zi^c,  manganese-tin,  manganese-copper, 
manganese-iron,  manganese-molybdenum,  manganesc-nickol,  and  manganese- 
chromium  systems  will  be  studied,  with  the  emphasis  on  the  first  two 

systems. 


i j 
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APPENDIX  I 


This  Appendix  contains  descriptions  of  apparatus  and  methods 
used  for  the  work  described  herein. 

Preparation  of  Three  Per  Cent  Sodium  Chloride 
Solution  for  Static -Potential  Measurements 

The  water  used  for  the  sod£\im  chloride  solution  was  the  regular 
laboratory  distilled  water  having  a pH  of  6,3*  The  salt  was  "Baker's 
Analysed"  chemically  pure  sodium  chloride.  The  solution  was  filtered 

and  the  concentration  checked  by  accurate  specific  gravity  measurement* 

*> 

Static  Electrode  Potential  Measurements 


Apparatus 

Figure  U is  a picture  of  the  apparatus  as  set  up  for  measuring 
static  electrode  potentials  of  four  specimens  concurrently.  Also, 
pictured  in  the  figure  are  the  additional  pieces  of  equipment  used  in 
the  dynamic-potential  measurements.  No  dynamic  potentials  were  measured 
during  the  current  phase  of  this  project  because  of  reasons  given  earlier 
in  this  report. 

A Leeds  and  Northrup  student-type  potentiometer  was  used  for 
making  the  static- potential  measurements.  Beckman  No.  1*970  saturated - 
calomel  electrodes*  were  used  as  reference  aloctrodes.  Originally,  a 


*IJanuf  actured  by  the  National  Technical  Labs,,  Pasadena,  California, 


■■.‘-.'j?  ..-uppl 


bb 


CALOMEL 

ELECTRODES 


cjpiliar y bridge  v/as  ust-J  with  the  Beckman  electrodes.  The  capillary 
oridge  was  replaced  early  in  this  work  with  a salt-bridge  function  tube 
described  by  u,  A.  Per ley*.  This  bridge  is  nothing  more  than  a Fyrex 
tost  tube  with  a soft  glass  rivet  blown  into  a hole  in  the  lower  end. 

Cn  cooling,  the  soft  glass  rivot  contracts  slightly  more  than  the  fyrex, 
leaving  a fine  capillary  crack.  This  crack  is  fine  enough  to  keep  the 
solutions  on  each  side  of  the  rivet  from  inter diffusing,  but  large 
enough  to  allow  electrolytic  conductivity*  It  has  an  advantage,  too, 
in  that  it  is  more  quickly  set  up  than  the  farmer  type. 

The  salt  solutions  were  contained  in  250-al.  beakers,  which  were 
immersed  in  a thermostatically  controlled  water  bath  («7B  in  Figure  U), 
which  operatod  within  1 1°F.  of  the  desired  temperature, 

v. 

The  specimens  were  supported  in  bakellte  clamps  which  rested 
on  the  edges  of  the  boakers.  A four-way,  rotating,  doublo-pole  switch 
(Sj  in  Figure  U)  was  used  so  as  to  make  possible  the  concurrent 
measurement  of  four  cells. 

The  potent! omo trie  circuit  was  calibrated  twice  by  the  Battelle 
Instrument  Laboratory  and  was  found  to  be  accurate  to  0*5  millivolt. 

Method 

Five  milliliters  of  saturated  potassium  chloride  solution  were 
placed  in  the  Perley  -typo  bridge,  the  lower  end  of  which  was  then 
immersed  in  the  solium  chi  or  id  o solution*  The  Beckman  calomel  electrode 

Trans.  Blectrochem*  Soc. , 92.  1*97  (19L7 ) . 
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was  n.xt  immersed  in  t-i_-  potassium  chloride  solution  in  the  Parley 
bridge.  The  bridge  was  then  adjusted  so  that  the  level  of  the  sodium 
chloride  solution  is  above  that  of  the  potassium  chloride  solution. 

In  this  ./ay, any  diffusion  of  the  potassium  chloride  into  the  sodium 
chloride  is  minimized. 

The  clamped  specimen  was  then  immersed  in  the  sodium  chloride 
solution.  After  ona  minuta.tha  initial  potential  m«a?nr«mont  maHp. 
This  short  elapse  of  time  allows  the  specimen  to  "settle  down"  to  a 
point  whero  the  potential  is  not  changing  very  rapidly*  Subsequent 
measurements  were  made  at  whatever  time  intervals  desired* 

The  "Wet-Dry  Program"  Cabinet 

A lead-lined,  cork-insulated  plywood  box,  measuring  3l»  inches  x 
25  inches  x 25  inches,  is  the  basis  for  tho  "wet-dry  program"  cabinet 
pictured  in  Figure  $ * This  box  is  equipped  with  a l/2-inch-thick  Lucite 
door  (A)  (letters  in  parenthesis  refer  to  Figure  5 ),  on  which  the  speci- 
mens are  supported  by  being  clamped  between  Lucite  washers  in  such  a way 
that  the  tost  pieces  do  not  make  contact  with  tho  18-8  stainless  steel 
machine  screws  which  pass  through  the  washers*  Twenty-four  specimens 
can  be  exposed  simultaneously.  To  prevent  warping  of  the  Lucite  door, 
the  edges  were  bound  with  angle  iron. 

The  Lucite  door  is  opened  and  closed  in  a predetermined  cycle  by 
a small  motor  (B),  which,  in  turn,  is  actuated  by  a timing  device  (C) 
operating  through  relay  (D).  The  motor  (3)  is  a special  type  having  two 
livid  ceils,  cn<j  of  which  "shades"  oth.r,  causing  r*.-v-_rs*l , 


To  provide  high  nun  id  i :y  v,h_ii  tn_  o;cr  ib  closed,  wat.r  in  a 
copper  pan  is  warmed  by  an  iii'..  rsion  heater.  7a  e pan  “.asuros  16  inches 
x 16  inenes  x 5 inches.  The  heater  (electrical  leads  at  F)  is  regulated 
by  a thermostatic  control  (hidden  by  plate  G),  and  operates  only  when  the 
door  is  closed.  A constant-level  device  (Z)  is  connected  to  the  copper 
pan  and  na interns  the  water  at  a U-inch  depth.  The  electric  fan  operates 
when  the  dcor  is  opened,  cooling  and  drying  the  specimens*  .Then  the  door 
is  closed  a6ain,  the  fan  stops,  and  in  the  humid  atmosphere,  moisture 
readily  condenses  on  the  chilled  specimens*  a schematic  drawing  of  the 
electrical  circuit  is  given  in  Figure  6, 


fq  minor  changes  in  the  electrical  circuit  hive  been  made  since 
Figures  5 and  6 were  prepared*  A new  time  control  has  been  installed 
which  allows  greater  latitude  in  cycling,  and  the  original  thermostatic 
control  has  boon  replaced  by  two  controls  connect  I* 
log  through  a relay.  The  additional  control  sefp§ ,«? I *« 


relay  i*  tiecossary, because  the  sentrols  will  not  handle  the  high  current 
drawn  the  heater* 


ifetalfe  of  Electric" 
^ "We‘  u m 


Hotor  - 110-volt  A.C.  Crise  Electric  lift*  Co*,  Columbus,  Cfrio. 


Tire  Control  - Two  ^303  controllers',  Paragon  OAOVW  AV  UVf  | 

Rivers,  Wisconsin.  The  switches  of  these  timers  are 
connected  in  series.  Both  must  be  closed  for  current 
to  pass  through  tne  circuit,  but  either  one  alone  can 


break  the  circuit.  Two  controls  were  used  because  the 


220  V. 


MOV. 


FIGURE  6.  SCHEMATIC  DIAGRAM  OF  ELECTRICAL 
CIRCUIT  FOR  "WET-DRY  PROGRAM" 
CABINET. 
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tabs  on  the  circular  time-setting  plate  could  not  be 
sot  for  an  Interval  as  small  aa  one  hour* 

Heater  - Lo-Lag,  2000-watt,  230-volt  copper-clad,  immersion  heater.  J 

- Vi 

American  Instrument  Co.,  Silver  Spring,  Maryland. 

Relay  - Double-polo,  double-throw  relay,  Struthers-Dunn,  Inc., 
Philadelphia,  Pennsylvania.  (Notes  In  Figure  6,  the 
relay  was  not  represented  as  being  of  the  DPDT  type  for 
reasons  of  simplicity.). 

° Thermoregulator  - Two,  110-volt,  10-aop*  thermoswitches  connected 
in  series*  Fenwall,  Inc*,  Ashland,  Massachusetts* 

Removal  of  Corrosion  Products  for  Weight-Loss  Tests 

The  corrosion  products  were  removed  from  the  cadmium-silver 
castings  and  the  pure 

100  ml*  of  a 1 per  cent  solution  of  sodium  cyanide  at  70°F.  for  20 
minutes*  After  10  minutes  had  elapsed,  the  surfaces  were  brushed 
lightly  while  the  specimen  was  still  immorsed*  A second  20-minute 

n 

immersion  in  a fresh  portion  of  solution , with  brushing  as  above, 
completed  the  removal  of  the  corrosion  products*  Blank  tests  showed 
the  above  treatment  to  remove  only  insignificant  amounts  of  metal. 

Each  specimen  vras  examined  at  20X.  magnification  with  a binocular 
microscope  to  be  sure  all  nonmetallic  material  had  been  removed.  The 
specimens  wore  then  rewaighed  and  the  weight-loss  calcalations  made. 
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Fro  pa  ratio#  of  Experimental  Diffusion  Coatings 


Apparatus 

The  plating  apparatus  used  in  preparing  the  duplex  deposits 
preparatory  to  diffusion  was  in  no  way  unusual*  One-  to  three-liter 
quantities  of  plating  solutions  were  used,  and  these  wore  contained  in 
Pyrex  bedkers*  Heat  was  supplied  to  the  solutions  by  thermostatically 
contro.  led  glass-sheathed  immersion  heaters  or  by  thermostatically 
controlled  hot  plates*  The  direct-current  sourco  was  a 15-volt  generator 
The  current  was  controlled  by  variable  resistors,  and  Y/eston  laboratory- 
model  voltmeters  and  ammeters  were  used  for  voltage  and  current  readings. 

After  the  duplex  plates  had  been  prepared,  they  were  heat  treated 

in  one  of  three  ways  to  cause  interdiffusion  and  alloy  formation*  At 

C — " 

first,  when  it  was  believed  t#at  an  inert  atmosphere  was  required,  th& 
heat  treating  was  done  in  a tube  furnace*  Later,  the  heat  treating 
was  done  in  regular  heat-treating  furnaces  with  an  air  atmosphere*  A 
few  specimens  were  diffused  at  UOO*F,  in  a mineral  oil  bath*  This 
temperature  was  too  low,  and  was  not  raised  because  the  oil  had  a flash 
point  of  UUO*F.  ^ 


Methods 

Preliminary  duplex  plates  were  made  on  1-inch  X U -inches  x .015- 

inch  SAE  1010  steel  panels.  Occasionally  some  of  these  were  usgd  in 

ii 

subsequent  testing,  but  for  the  most  part  SAE  U130  panels  measuring 
1 inch  x h inches  x 0.063  inch  were  used  for  "wet-dry"  and  other  testing. 


The  SAE  1*130  test  pieces  were,  cut  from  strips  measuring  U inches 
x 18  inches,  which  had  first  been  belt  polished  to  a 2U0-£rit  finish. 

The  1 x U-inch  test,  pieces  were  then  numbered  and  stored  in  oil  until 
•used. 

The  plating  methods  are  discussed  individually  below. 


Zinc-Silver.  The  plating  solutions,  conditions,  and  finishing 
sequences  for  the  zinc-silver  duplex  plating  are  given  in  this  section. 
Tabic  1$  contains  weight  of  coating  data  for  several  typical 


samplas  i 


rhosphate  Treatment  for  Promoting 
Adhesion  of  Silver  to  Steel 


H3P0ji  (Q$£>- 

500  ml. 

A- 

H2O  ^ "^r 

500  ml. 

Temperature 1 

130«F. 

Current  Dansityr 

100  ASP 

- — 

Timet 

2 minutes 

r.a+.horlfis  ■ 

Stainless 

steel 

First  Silver  Strike 


AgCN 

2*0  g*/l. 

KCN  (free) 

Temperature!  — 

80*F. 

Current  Density* 

5 ASF 

n5 
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TABLE  15 . 


RESPECTIVE  WEIGHTS  OF  SILVER  AND  ZINC  IN 
DUPLEX  COATINGS  "~HICH  "TiRE  DIFFUSED  AT 
500° F.  FOR  ONE  HOUR  AND  EXPOSED  IN  r”ET- 
DRY  CABINET.  SURFACE  AREA*  SIX  SCUARE 
INCHES . 


— 

4557-754 

4557-75B 

. 4557-75C 

4557-75D  __ 

Feight  of  sliver,  g. 

0.0729 

0.0771 

0.0742 

0.0741 

Weight  of  sino,  g. 

0.2516 

0JS»9 

0.2523 

0.2521 

Per  cent  silver 

22.5 

23.4 

22.7 

22.1 

w 
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Zinc  Plate* 


Zn(CN)2 

90  g./l. 

NaCN 

37.3  g*/l* 

NaOH 

90  g./l. 

Temoeraturei 

120°F.  o , 

Current  Density i 

jy 

60  ASF  ^//  . 

Anodes i 

Zinc 

Cyanide  Dip 

KCN 

io(rg./i* 

Alkaline  Cleaner  (Anodic) 

Anodex** 

L75.i£9  ...  .. 

Temperature  i 

200*F* 

Current  Deamj^ri 

1 QQTMSt 

Finishing  Seouonce  fear  ZAafeSilvar 

&piax Wg 


1 (1)  Anodic,  alkaline  clean,  1 minute. 

(2)  Hot-water  rinse.  ^ 

(3)  AnnfljA,  phosphate  treatment,  2 minutes* 

(U)  Hot-water  rinse. 

(J>)  Cyanide  dip,  10-20  seconds, 

*This  bath  was  used  at  first  but  was  later  replaced  by  a special  acid 
I solution  developed  for  another  sponsor.  No  permission  has  been  granted 
to  reveal  its  composition, 

kacDermid,  Inc,,  YJaterbury  20,  Conn. 
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'X 

(6)  First  silver  strike,  20  seconds, 

(7)  Silver  plate,  5 minutes, 

(8)  Distilled-water  rinse. 


( Q \ 
W / 


V/J  wtu tAW 


JJ  — 


(10)  Zinc  plate,  5 minutes, 

(11)  Cold-water  rinse  and  dry. 


Manganese-Tin,  The  plating  solutions,  conditions,  and  finishing 
sequences  for  the  manganese-tin  duplex  plating  are  given  in  this  section 
Table  16  gives  some  typical  examples  of  manganese- tin  duplex  plating. 


ae -Plating  Solution 


linS0^°H20 

(NHU)230U 


*7H20 


U0  g./l, 

135  g./l. 
0.5  &./U 


Temperature* 

Current  Density j 
Anodes* 

Anolyte  * (NH^O^ 


100  *F« 
h$  ASF 

Carbon  rods  in  jilundum  cups 
135  g./l. 


pHj  ' 7.5 

Tin-Plating  Solution 


K23:  03 


JUr.fi  : 


KaOH 


100  g./l. 

7.5  g./l. 


TABLE  17.  SOME  EXAMPLES  OF  THE  PREPARATION  OF 
MANGANESE-ZINC  DUPLEX  COATINGS* 
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Except  as  noted,  the  plating  took  place  as  given  above  from  left  to  right 


Temperature: 

100 °F. 

Currant  Density: 

h$  ASF 

Anodes « 

Carbon  rods  in  Alundum  cups 

Anolytei  (NH^ )2S0^ 

135  &./1. 

pH* 

7.5 

Zinc  Strike 

Zn  (CN)2 

5-7.5  g./i. 

NaCN 

5 £*/!• 

at 

NaOH 

5 b»/l. 

Temperature i 

^0eF. 

Current  Density t 

hO  ASF 

Anodes: 

Stainless  steel 

Time : 

1 minute 

Hot©* 

Immerse  manganese-plated  panel 
with  current  on« 

Zinc-Plating  Solution 

.r* 

Zn(CN)2 

90  g*/l. 

NaCN  _ 

37  *5  fi./ 1* 

NaOH 

90  g./l. 

Temperature: 

120°F. 

Current  Density: 

60  ASF 

Anodes : 

Pure  sine  (ba^ped) 

■i  56?:  juppl  ? 
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Finishing  Sequence  for  Manganese-Zinc  Duplex  Plates 


(1)  ulcctropoliou^!  ^ iuxuii  wi# 

(2)  Alkaline  clean,  cathodic  one  minute,  anodic  15  seconds. 

(3)  Ilot-wa ter  rinse. 

(U)  ifcSfy  dip  {IQJJ  HgSO^),  10-15  secs,,  80°F, 

(5 ) Hot-water  rinse, 

(6)  Manganese  plate, 

(7)  Hot-water  plus  distilled  water  rinse, 

(6)  Zinc  strike. 

(9)  Hot-water  rinse  plus  distilled  water  rinse, 

(10)  Zinc  plate. 

(11)  Rinse  and  dry. 

liapgaqiae-llicke^lRe  plating  solutions,  conditions,  and  finish— 
— . lag  sequences  for  the  manganese-nickel  duplex  plating  aro  givon  in  this 
section, 

Tablo  18  contains  plating  data  far  sane  typical  examples, 
Manganese-Plating  Solution 
— toSO^O  1*0  g,/lr 

(NH^SOj,  135  g./l. 

Na2S03.7H20  0.5  g./l. 

*Procass  of  Battolle  Development  Corporation,  Columbus  1,  Chio, 
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TABLE  IB.  SOME  EXAMPLES  OF  THE  PREPARATION  OF 
MANGANESE-NICKEL  DUPLEX  COATINGS* 
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Plating  took  place  aa  given  above  from  left  to  right. 


100  °F 


Temperatures 
Current  Density; 

Anodes  1 

Anolyte  i (NH^SC^ 
pH  i 


hS  AoF 

flr»»»Vvrvn 

V — •»  — v>«»  4.  wuw 

135  g./l. 

7 - <n 
» •✓ 


-O  

- v4.UiAUUUi  «J  U^O 


Til  - a j ..  t . 

1. — -...w  V4UU  AV4  lid  UUj^  jJH  UQ3  Q 


JIi(CN)2 

91.3  g./l. 

KCN 

100  g./l. 

— 

Na2Bli°7*l0H2° 

ao  g./i. 

Temperature: 

80*F. 

Current  Density s 

2k  ASF 

^■1  nWBiWI 

Anodes  t 

Steel 

Nickel-Plating  Solution 


HM:0j^T:lo0 

Ni  Cl^HoO 
H3BO3 


300  g./l( 

50  g./l. 
35  g./l. 


Hers. ‘lew  XXX -D*  20  mlt/l. 

Noiei  This  solution  was  purified  by  the 
usual  methods. 


Harshaw  Chemical  Companv,  r:i-voi»n<)  ru,4  „ 

* v y » — ♦ J VU4.V0 


■°5 
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Tomp^raturci  135 °F. 

Current  Density*  UO 


Cast  nicKei  in  oa=y 


c inishing  Sequence  for  Manganese-Nickel  Duplex  Plates 


(l)  through  (7)  Same  as  for  manganese-zinc* 

(8)  Nickel  strike. 

(9)  Kct-water  rinse  plus  distilled  water  rinse. 


~ (10)  Nickel  plate. 
(11)  Rinse  and  dry. 


jua.  2be  plating  solutions,  conditions,  and  finish- 


gr  ..  <ny  -I-'"  pie  ting  sre  given  in  this 


section* 


Chraniun-Plating  Solution. 


2SO  g./l. 


3*5  r./l. 


.•-mr^rature 


Gin  rent  Density < 223  ASF... 


an  odes  * 


4n  eiiioniaL  lead 


• : :t  5 C°c  Supp1- 


Zi.*c  Strike 


ZnO 

2 :*/i. 

H«SOi 

£.  U »-  ■ - 

1C  ml./l. 

Temperature i 

?0°F. 

Current  Densityi 

120  ASF 

Time* 

15  seconds 

Anod@3t 

Lead 

Zinc-Plating 

Solution 

_ Za(CN)2 

90  g./l. 

NaCN 

37.5  g./l* 

“""toon 

90  g./l. 

1%apera  ture  i 

120“F. 

Current  Densityi  60  ASF 

Anodoa  i Zinc  (bagged) 

Finishing  Sequence  for  Zlne-Ctg«jiqin  Duplex 
Plating  ohen  Zinc  vtaa  Flaia^Eilrai 

(1)  Alkaline  clean,  anodic,  1 minute,  50  ASF, 

(2)  Hot^water  rinse , •— 

(3)  Acid  dip,  3N  H2S0^,  30  seconds,  80*F, 

(U)  Cold-water  rinse* 

(5)  10  seconds' dip  in  10!l  NaCN  solution,  70°F. 

(6)  Cold -v«ater  rinse. 


9?  Sup^-1  2 
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(7)  Zinc  plate* 

(8)  Hot-uater  rinse. 

(9)  Chromium  plate. 

Finishing  Sequence  for  Zinc-Chromium  Duplex 
flhgn  Chromium  was  Placed  First 

(1)  Alkaline  clean,  anodic.  1 .ainut.^  $0  ASF. 

(2)  Hot-water  rinse, 

(3)  Acid  dip,  3 M HgSO^,  30  seconds,  80°F. 

(U)  Cold-water  rinse, 

(5)  Chromium  plate. 

(6)  Hot-water  rinse. 

(7)  Zinc  strike. 

(8)  Cold-water  rinae. 

(9)  Zinc  plate. 


Cadmiua-Chr oolum , The  plating  solutions,  conditions,  and 
fiadttdng  sequences  for  the  cadmium -chromium  duplex  plating  are  given 
In  this  section. 


Cadmium-Plating  Solution 


Cadolytc  single  salt* 

120  g.A 

Temperature  j 

00*F. 

Current  Density* 

25  ASF 

Anodes  t 

Stool 

*The  Udylite  Corporation,  Detroit  11,  Michigan. 
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Chromium-Plating  Solution 


CrOj 

soh 

TQinp.ara  t'JT  2 * 

Current  Density* 
Anodes* 


250  g./l. 

*.b  g./l. 

120°Ft 

225  ASF 

Antiraonial  lead. 


Finishing  Sequence  for  Cadmium-Chromium  Duplex  Plating 


(1)  Alkaline  clean,  anodic,  1 minute,  50  ASF. 

(2)  Hot-uater  rinse. 

(3)  Acid  dip,  3N  HjS^,  30  seconds,  80*F. 

(U)  Cold-water  rinse. 

(5)  Ten  seconds  dip  in  1Q£  HaCN  solution,  ?0*F. 

(6)  Cold-water  rinse. 

(7)  Cadmium  plate. 

(8)  Cold-water  rinse. 

(9)  Chromium  plate. 

Kapganese-Cadmium.  The  plating  solutions,  conditions,  and 
finishing  sequence  for  the  manganese-cadmium  duplex  plating  are  given 
in  this  section. 

Table  19  contains  data  for  the  preparation  of  some  typical 
specimens. 
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TABLE  19.  sore  EXAITLES  OF  THE  PREPARATION  OF 
HANG/  NESS-CAJDMIUM  DUPLEX  COATINGS 


Manganese-Plating  Solution 


linSOj^^O 

/urt  \ n/v 

ouj, 

—*  — — v 

ria2S05'7H20 

Temperature i 
Current  Density* 

Anodes i 

Anolyte*  (NHli)2  SO^  135  g./l. 
pH i 7.5 


Cadmium-Pla ting  Solution 


Cadolyto  single  salt* 

320  g./l 

Temperature* 

80*F. 

Current  Density* 

30  ASF 

Anodes  * 

Steel 

Finishing  Sequence  for  Manganese-C^^^ura  Duplex  Plating 

(1)  through  (7)  Same  as  for  manganese-zinc. 

(8)  Cadmium  plate, 

(9)  Rinse  and  dry. 


kO  g./l. 

-i  nr*  « /i 

Q • / 

0.5  g./l. 

100 °F« 

hS  ASS' 

' — 

Carbon  rods  in  Alundum  cups 


* 

The  Udylito  Corporation,  Detroit  11,  Michigan. 
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Zinc-Silver  Codeposition 


Small  portions  of  solution,  usually  100  ml,,  were  used  in  the 
zinc-silver  codeposition  experiments.  The  usual  apparatus,  consisting 
of  variable  rheostat,  ammeter,  voltimeter,  etc,, was  used.  The  solutions 
were  contained  in  a beaker  and  were  heated  by  immersion  in  a thermo- 
statically controlled  water  bath. 

Table  20  contains  tne  details  of  experiments  in  the  iodide 
solution.  The  details  of  the  composition  and  operating  conditions  for 
the  thiosulfate  solution  are  given  below* 

Thiosulfate  Solution  and  Conditions  for  Zinc- 
Silver  Siectrodepositl on  r 


Na2S203(anhyd, ) 


AgNO-j 

Na2S0j  *71*20 


HgSOj^Sp.  Or.  1.85) 


200  g./l. 
3.6  g»/l* 
0,36  g./l. 
35  g./l. 
0,36  ol./X* 


Solution  used  with  agitation  and  with  or  without  2 g./l,  gelatin* 


Anode  i 
Cathodet 

Current  Density* 
Temperature*  " 


Carbon 

Stainless  steel 
18  ASF 
70°F. 
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TABLE  SO.  ZIUC -SILVER  ALLOT  PLATWO  HP Dl HURTS  (IOC IDE  SOLOTIOR) 
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TABLS  20.  (Continued) 
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Thick  eponge  tin  lay^r,  nonadh^rsnt.  Thin, 
black,  adherent  deposit  below.  Trace  cf 


Manganese-Tin  Codeposition 


One  liter  portions  of  the  solutions  were  used  in  the  manganes 
tin  oodeposition  experiments.  Again,  the  usual  type  of  apparatus  via 
used. 

Tabl®21  and  22  Rive  the  experimental  details  for  this  work, 
Manganese-Nickel  Codeposition 

The  solutions  and  conditions  used  in  the  manganese-nickel  ' 
codeposition  experiments  are  givan  below. 

Solutions  and  Conditions  Used  f or 


Manganese-Nickel  Codoposieion  Experiments 

Ammonium  Sulfate  Type 

/ 

Solution  A.  hnSO^-H^O 

UO  g./l. 

(nhu)2sou 

132.5  g./l. 

NajSCyTHjO 

0.25  g./l. 

pK  adjusted  to  7« 

5 with  l-i  ::k^ch 

Solution  B,  NiS0i1*6Hi0 

5o  g./i. 

Plating  Solution,  Solution  A 

200  ml. 

Solution  B 

5 ml. 

Plating  Conditions.  Anode i 

Carbon 

Cathode i 

Stainless  steel 
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TABLE  22.  (Continued) 
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Current  Density t 

UO  ASF 

Volts  t 

3.5 

Temperature i 

90'F. 

Pyrophosphate  Type 

Solution  A.  HnSO^^O 

U00  g./l. 

Solution  B,  K1i?207.3H20 

800  g./l. 

Solution  C,  NiSOj^'SHgO 

5o  g./l. 

Plating  Solution.  Solution  A 

10  ml. 

later 

100  ml. 

Solution  B 

50  ml. 

Solution  C 

5 ml. 

Plating  Conditions,  Anodei 

Carbon 

Cathode  i 

Stainless  steel 

Current  Density.- 

hO  AST 

Volts  i 

3.7 

Temperature* 

120*F. 

pH  not  measured 

2inc-Tin  Alley  Plating 

This  bath  has  described  by  Cuthbe-rtson^.  For  convenience, 

the  bath  formula  and  plating  conditions  arc-  .iven  here.  In  addition, 
several  necessary  precautions  are  mentioned. 


Zinc-Tin  Alloy -plating  Solution 


Tin  (as  sodium  stannate) 

30  g./l. 

Zinc  (as  c.inc  cyanide) 

2.5  6./1. 

b odium  hydroxide  (free) 

U-o  g./l. 

Total  cyanide* 

25-2S  g./l. 

Free  sodium  cyanide 

17.5  C./l. 

Temperature: 

liiO°F. 

Anodes : 

Cast  20^  zinc  - 

dCfc 

tin  alloy. 

Current  Density! 

25  ASF 

Note:  .iifh-purity  sodium  staanate  must  be  usod. 

For 

commercial 

units,  a special  fnrade  is  procurable  from  iietal  and  Thermit  Corp., 
Rahway,  N.  J.  For  experimental  solutions,  the  C.  P,  stannate  made  by 
the  J.  T.  Baker  Chemical  Co.,  rhillipsburg,  N.  J., is  suitable. 

The  bath  should  be  macia  up  88  follows < fill  the  container  to 
two-thirds  of  its  volume  with  water,  preferably  distilled  or  softened, 
and  heat  to  UiO°F«  Dissolve  sodium  cyanide,  sodium  hydroxide,  and 
zinc  cyanide, in  that  order.  Finally  add  sodium  stannate.  Analyze  the 
solution  and  najust  the  components. 

It  is  v/eli  tc  hold  the  bath  at  1^0"?,  for  2-3  days  before 

plating. 

Li  t-i.rature  on  t ho  Lath  car.  bo  obtained  from  the  Tin  Research 
institute,  Inc.,  U^2  ...  JiXth  Av_nuo,  wolumtub  1,  ohio. 
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Experimental  Zinc-Lead  Alloy  Fluob orate  Solution 


Solution  Ai  (Concentrate  as  supplied  by 
General  Chemical  Co, ) 


7r\  / 


-■*''»  \ 

HH  ■ 1m 

L“  U lc 


qo.Kc; 


( Hir  rTVii’  ^ 

> ! v / 


Free  H3BO3 


3.5U; 


Solution  B*  (Concentrate  as  supplied  by 
General  Chemical  Co.) 


Fb(  SF^  >2 
Free  HBF^ 
Free  H3BO3 


50£  (by  weight) 
0.7£ 

U • Q£j 


Solution  U557  - 90ft 

Solution  A 100  .nl. 

Solution  B 10  ml. 

Hide  Glue  (UO  g*/l.)  2 ml. 

Dilute  to  UOQ  ml. 


Tempera tor e • 


Qr\% 

ukj  — Lc  U r • 


Current  Density*  10  - UO  ASF 

pH*  0*0  (paper) 

Results*  Spongy  deposit  containing  only  lead. 
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Experimental  Zinc-Lead  nlloy 
Zincate-Plumbite  Solution 


Zincate  Stock  Solution 


ZnCl2  75  .,•/!* 

KaOH  255  i./l. 

Rochelle  Salt  35  0,/l* 

Zincato-Pluiabite  Solution 

Zincate  Stock  Solution  kOO  ml. 


Pb(0H)(C2H302)3  1 g. 

RH  77U*  0,5  ml. 

Tempera  turo  * 7li*F, 

Current  Density i 10  ASF 


Result i Spongy  deposit  containing  lead  only. 
Zinc-Lead-Plating  Solution 


ZnCl2 

1000  g. 

h2o 

500  g. 

PbClj 

20  g. 

Temperature  1 

170°F , 

Current  Densities t 

3^o  Table 

MnnriftR  1 

Platinum 

* 

E.  I.  du  Pont  du  Rumours  Co. , '..ilraington,  Dels 
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’orV -rod  agitation,  1-v  1/4-  inch  stroke,  64  strokes/min 


In  preparing  the  zinc-lead  chloride  solution,  the  lead  chloride 
was  not  so  readily  soluble  as  it  was  in  lithium  chloride  solution* 

It  was  necessary  to  keep  the  solution  hot  in  order  to  prevent  pre- 
cipitation. It  may  be  that  the  material  which  precipitates  when  the 
solution  cools  is  not  pure  lead  chloride,  but  is  a complex  such  as 
ZnP’oCl^. 

Cadmium-Silver  Plating 


Cd  0 

32  c./l. 

AgCN 

2.1  g./l. 

HaCN 

83  &./1. 

Ha2C03 

10  g./l. 

NHUQH(28£) 

2 ml./l. 

Free  sodium  cyanide 

32  b./l-  ^ 

Temperature » 

90*F, 

Current  Density; 

21  ASF 

Voltage; 

2 .2  volts 

Anodes i 

Steel 

Analysis  of  Deposit* 

7,1$  silver 

Iron -Chromium  Alloy  Plating 

A complete  description  of  the  process  for  plating  iron- 
chrcmium  alloys  '.'fill  L-e  found  in  th?  rinal  Teeimical  Report  entitled 
"A  Research  Investigation  of  Possibilities  for  Obtaining  Hot-Hard 
olectrodepcsited  Chromium  or  Chroraium-3ase  alloys  for  Can. ion"  (restricted) 
This  work  was  done  lor  the  nr  ray  Ordnance  department  under  Contract  -i33- 


O19-0AD-6397. 
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_Zlac_-Nlckdl  J”CorronlZdd11 ) Coatings 


Panels  coated  with  several  zinc-nickel  alloys  were  supplied 
free  of  charge  by  tno  standard  Steal  Spring  Company,  Coraopolis,  r'a. 

Nitriding  of  the  Steel  Panels 

The  1-inch  by  U-inch  5AE  Ltl30  panels  were  placed  in  a tube 
furnace,  ammonia  was  passed  through  the  furnace,  and  the  temperature 
was  raised  to  975 *F*  This  temperature  was  maintained  for  four  hours. 

The  specimens  were  then  cooled  in  the  furnace  in  the  ammonia  atmosphere. 
The  surfaces  had  the  dull-gray  appearance  characteristic  of  a nitridad 
surface.  Scratch  testing  showed  the  surfaces  to  have  been  hardened. 

Preparation  of  Four-Inch  by  Six-Inch  Steel  Panola 

The  SA3  U130  steel  used  for  these  panels  measured  U inches  by 
16  inches  by  1/32  inch  as  received.  Before  cutting  to  the  desired 
size  of  U by  6 inches,  the  steel  was  cleaned  and  polished.  The  larger 
size  permitted  easier  polishing. 

The  panels  ware  cleaned  in  a hot,  alkaline,  soak  cleaner.  They 
were  then  polished  on  2U0-grit,  substantially  new,  emery  belts. 

The  final  finish  was  with  a sisal  buff  (Tampico  wheel).  This  resulted 
JLn  a finish  about  equivalent  to  a 300  grit.  The  panels  were  then  cut 
to  the  ii-inch  by  6-inch  size,  care  being  taken  not  to  rnar  the  surfaces. 
The  panels  -were  stored  under  kerosene  until  ready  to  plate. 
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Description  of  Plating  Racks  £ or  Four-Inch _by 

Six-Inch  panels 

The  so-called  "robber”  wa~  formed  from  by  1-inch  hot- 

rollod,  plain-carbon  steel*  The  robber  was  bent  into  a rectangular 
franc  measuring  6g-  inches  by  14  inches,  inside  dimensions.  The  two 
ends  of  the  frame  were  welded  together.  The  steel  panel  is  supported 
within  this  frame  by  three  contact  points-  Two  of  these  are  located 
on  the  inside  of  the  lower  U^-inch  section  ahd  are  rigid.  The  third 

ie  a spring  clip  located  at  tho  upper  14-inch  section.  A rod  is 

« 

brazed,  end  on,  to  the  outside  of  tue  upper  14-inch  section.  The  rack 
is  suspended  in  the  bath  by  this  rod.  Figure  7 is  a photograph  of  the 
plating  rack,  with  a U-inch  x 6-inch  panel  in  place, 

A slight  modification  of  the  rack  was  necessary  in  order  to 
get  good  distribution  when  plating  manganese.  The  one-inch-wide  strip 
was  narrowed  to  three-quarters  inch,  and  four  quarter -inch  holes  were 
drilled  in  tho  top  strip  to  allow  the  gas  to  escape. 

The  plating  solutions  and  finishing  sequences  used  in  preparing 
the  outdoor  panels  have  bean  described  earlier  in  this  section. 

Three  thicknesses,  0.1  mil.,  0.3  mil,,  and  0.5  mil.,  were 
prepared  for  each  type  of  coating  and  four  panels  for  each  thickness. 
The  iJagno-Gage  was  used  for  determining  thickness.  A tolerance  of 
11056,  relative  to  tho  nominal  thickhosses  given  above  ^as  allowed.  The 
magnets  that  wore  available  we re  calibrated  for  man, anese  plate. 
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figure  7- 


„ Tor  Predion  rf  'U 

„ Type  PletW  Panels. 

"ftnbber  ,^*~h  Outdoor  t-xpo^or 
Inch  * 6-Inch  -- 
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This  Appendix  contains  tabulated  data  on  the  "wet-ary1'  tests 
anri  the  rav  ^ii'i’r^ction  phot-cgr-ams  - 
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FIGURE  8 GRAPHICAL  REPRESENTATION  OF  X-RAY  DIFFRACTION 

DATA  OF  TYPICAL  SAMPLES  EXAMINED  WITH  STANDARDS 
FOR  COMPARISON. 
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ANGSTROM  UNITS 

FIGURE  9 GRAPHICAL  REPRESENTATION  OF  X-RAV  DIFFRACTION  DATA  SHOWING  THE 
EFFECT  OF  SHORT  AND  LONG  TIME  DIFFUSION  OF  Ag-Zn  ALLOY  WITH 
STANDARD  PATTERNS  FOR  COMPARISON 
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ANGSTROM  UNITS 

FIGURE  10  GRAPHICAL  REPRESENTATION  OF  X-RAY  DIFFRACTION  DATA  SHOWING  THE 
CHANGE  IN  STRUCTURE  OF  Mn-Sn  DIFFUSION  ALLOY  ON  AGING  AT 
ROOM  TEMPERATURE.  STANDARD  PATTERNS  ARE  SHOWN  FDR  COMPARISON 
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FOT r.. LA L- T ITS  TATA 
ALLOYS  IN  THREE  FEF. 
SOLUTION  AT  90CF.  £ 

r"n  ' ’ r *t  - t t'TT o-  y »»  » *py 


v * . Ci  ■"*  4 V Er  -t1 * L 

sr-ciu:*  chlc? 

TURnTED-CoLO!  ZL 


Volts*  at  Elapsed 

"Ime  of! 

Specimen  1 

Number  Min. 

30 

r.:in. 

60 

Min. 

120 

Min. 

150 

Min. 

18C 
Min . 

36C 

.XK 

4557-72H  1.020 

Zn-ng  (diffused) 
approx.  25?  Ag 

1.038 

1.043 

1.047 

1.049 

1.050 

45  57 -76A  ^ 
Cd-Sn (diffused) 

0.740 

0.747 

0.753 

- 

0.755 

0.756 

45  57 -76B  0.729 

Cd-Sn 

(codeposited. 

.7.1 

0.5V8 

0.732 

- 

0.733 

0.730 

4557-R4A  1.2 

Mn-Sn  (diffused) 

1.0^5 

1.02C 

1.032 

1.114 

1*133 

- 

2875-72B  0.590 

SAE  4130  ateel 

0.710 

0.707 

*• 

0.707 

s» 

* All  value*  Br*  nAntivea 

(1)  Specimens  received  from  Air  Materials  Laboratory,  Naval  Atr 
Heterie]  rent.-»r>  Navy  Ynrd;  1 Miadelnhie  Ta.  Composition 
uppr lzI'z.i  tely 

(2)  deceived  from  same  ’ource  as  4557-76A.  Composition  approximately  pO-SO. 
Ooderosited  fro1"  finnborate  solution. 
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